APPENDIX B-I

HEALTH EFFECTS OF CONTAMINANTS
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Chemical Fact Sheet#* ACETOKE July 1984 - Version I

The information in this sheet applies to workplace exposure resulting from processing.

manufacturing, storing or handling and is not designed for the population at large. Any

generalization beyond occupational exposures should not be made. The best industrial

hvgiene practice is to maintain concentrations of all chemicals at levels as low as is
ractical.

Chemical Names: Propanone, dimethylketone, beta-ketopropane; CAS 67-64-1.

Trade Names: None found.

Uses: A solvent for paints, plastics and rubber; general cleaning agent for oils and
greases; intermediate in the production of ketones.

PHYSICAL INFORMATION

Appearance: Clear, coloriess liquid.

Odor: Pungent. Minimum Detectable by Odor: 47 ppm.

Behavior in Water: Soluble.

Evaporation: Rapid.
HEALTH HAZARD TNFORMATION

OSHA Standard: Average 8 hour exposure -- 1,000 ppm.

NIOSH Recommended Limit: Average 8 hour exposure -- 250 ppm.

ACGIH Recommended Limit: Average 8 hour exposure -- 750 ppm.

Short Term Exposure:

Inhalation: Levels of 300 ppm have cause irritation of eyes, nose and throat.
Levels of 500 to 1,000 ppm for 6 hours have caused, in addition, general weak-
ness and heaviness of the eyelids. Exposures of 12,000 ppm for a few minutes
may cause weakness in arms and legs and fainting. 20,000 ppm may be fatai on
brief exposure.

Skin: Liquid acetone may cause drying of the skin, irritation, redness, and an
increased chance of infection.

Eyes: Irritation has been reported at 500 ppm after 3-6 hours. Splashes into

the eye may result in swelling, irritation, damage to the cornea and blindness.

Ingestion: 20 mi (2/3 fluid ounce) may result in excess salivation, nausea,
vomiting, stomach pain and possible liver and kidney damage. 200 ml (7 fluid
ounces) has resulted in these symptoms and, additionally, swelling of the throat,
sores in the mouth and throat, shallow breathing and coma. Although 200 ml has
been survived with prompt medical attention, death may occur from as little as
100 m1 (3% fluid ounces).

Long Term Exposure:
Levels of 500 to 1,000 ppm can produce eye irritation after 3 hours. Daily ex-
posures at this level have resulted in irritation of throat and lungs, dizziness,
and infiammation of stomach and intestines.

*Prepared by the Bureau of Toxic Substance Assessment, New York State Depariment of Health.
For an explanation of the terms and abbreviations used, see "Toxic Substances: How Toxic

is Toxic" available from the New York State Department of Health.




Acetone
EMERGENCY AND FIRST AID INSTRUCTIONS

Inhalation: Move victim to fresh air. Administer oxygen or artificial respiration
as required. Seek medical attention, if necessary.

.kin: Remove soaked clothing. Wash affected area with large amounts of water. Seek
medical attention, it required.

Eyes: Wash with Targe amounts of water immediately. Seek immediate medical attention.
Ingestion: Seek immediate medical attention.

Note to Physician: Blood, urine and expired air analysis have been used as an index
of exposure.

FIRE AND EXPLOSION INFORMATION

General: Highly flammable; can form explosive mixtures in air. Will ignite at 0°f
(-18°0).

Explosive Limits: Upper - 13%, lower - 2.1%.

Extinguisher: Carbon dioxide, dry chemical or alcohol foam.

REACTIVITY

Conditions to Avoid: Heat and flame.

Materials to Avoid: Vioient and expiosive reaclions may occur wnen acetone contacts
potassium tert-butoxide, sulfuric acid-dichromate solution, or chioroform in
the presence of a strong base (i.e., potassium hydroxide). May react violently

with oxidizing agents such as chlorine, permanganate, dichromate or peroxides. L

PROTECTIVE MEASURES

Storage and Handling: Store in cool, ventilated area away from fire hazard. Acetone
will dissolve plastic items such as eyeglass frames pens and pencils, and some
sythetic fabrics such as rayon.

Engineering Controls: Provide adequate ventilation. Sinks, showers and eyewash stations
should be avaiiable.

Protective Clothing (Should not be substituted for proper handling and engineering controls):
Wear rubber gloves, apron and goggles that are impervious to acetone if contact with
acetone is likely.

Protective Equipment: For levels up to 2,500 ppm, use a ¢as mask with an organic vapor
canister, a Type C supplied-air respirator with a full facepiece, or a self-
contained breathing apparatus with a full facepiece. For leveis greater than 2,500
ppm, use a self-contained breathing apparatus with a full facepiece in a pesitive
pressure mode or a combination Type C supplied-air respirator with a full facepiece
in pressure-demand mode with a positive pressure auxiliary air supply.

PROCEDURES FOR SPILLS AND LEAKS kk

Get all workers out of spill area. Put on respirator and other protective clothing.
Eliminate sources of flame. Ventilate area to remove fumes and maintain levels beiow
xplosive limits. For final disposal, contact your regional office of the New York
state Department of Environmental Conservation.  For more information: Contact the
industrial Hygienist or Safety Officer at your worksite or the New York State Depart-
ment of Health, Bureau of Toxic Substance Assessment, Empire State Plaza, Tower
Building, Albany, Mew York 12237.
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BENZENE

Execufive Summary

CAS NUMBER: 00071-43-2

Benzene is a clear, coloriess, highly flam-
mable liguid. 1t is a nonpelar solvent with an
odor characteristic of aromatic hydrocarbons.
Produced commercially from coal since 1948 and
from petroleum since 1941, benzene is currently
produced in the LU.S. by the catalytic reforming
of petroleum. Fifty percent of all benzene
produced is used in gasoline. The primary inter-
est in benzenme is its toxicity to man. Federal
regulations require the reporting of all benzene
spills exceeding 1000 pounds (454 kilograms) or
136 gallons (515 liters). North Carolinz re-
quires the reporting of all spills if they occur
near water.

Health Effects

ACUTE. Benzene causes acute toxic effects
en the central mervous system. The primary route
of exposure 1is by inhalation. Single exposures
to benzene in the air at 20,000 ppm have proven
fatal within 50 to 10 minutes. Death is usually
due to respiratory or cardiac failure. At lower
levels, headaches, nausea, staggering gait,
paralysis, convulsions, and unconsciousness are
observed.

CARCINOGENICITY . There is substantial
epidemioclogical evidence that benzene may cause
lenkemia in humans. However, no wvalidated animal
model has yet been developed for benzene as a
carcinogen. Benzene has been

designated an

industrial substance suspect of carcinogenic
potential by ACGIKE.

MUTAGERICITY. Ample evidence exists that

benzene exposure causes chromesomal aberrations
in animals and humans which are probably heri-
table if they occcur in the germinal cells. EPA
(Cararcinogen Assessment Group) suggests that
somatic mutations may occur at benzene concentra-
tions as low as 1 ppm in air.
TERATOGENICITY. While some animal
have reported a teratogenic effect, a Consumer
Product Safetv Commission review concluded that
existing animal data do not show benzene to be 2

studies

teratogen.

CHRGNIC. Tne health effects of chronic
expusure Lo benzene are by far the most serious
21 anv  of the common hydrocarbon solvents.

Benzene has been shown to cause leukemia, destroy
large red blood cells, reduce the white blood
cell rount and cause aplastic anemia. Most
deaths have resuited from exposures teo levels
exceeding 200 ppm. Though bloecd changes have been
reported in worke.s exposed at levels below 100
ppm. Workers :vv-sed to Denzene concentrations
beltween 300 and 700 ppm consistently show marked
biood disorders.
Liquid benzene

thema and Tlistering,

on the skin may cause ery-

and a drv scaly dermatitis
mav develop on prolonged or repealed €Xposure.
ii accidentiy ingested, benzene mav Cause ujicer-
alion of the gastrointestinal mucoss.

Leocupational Ties
The Amer: Conference of
Industrial Hygienists (ACGIH)

Governmental
has established =z

Frepared June 1987

Threshold Llimit Value for workrcom zir (time-
weighted average concenptration under wnich it is
believed that all workers mav be repeatedly
exposed day after day without acdverse effect) of
10 ppm (30 mg/ce m). This is the szme as tihe
current 0O8HA standard for a time-weicnted aver-
age. However, O0S5HA issued 4 more stringent
standard of 1 ppm in 1977, but this was revoked
by court in 1981.

Routes of Human Exposure

OCCUPATIONAL. It has beer estimated thal
65% of all benzene used in the U.S. is in the
production of ethylbenzene and phenci. Tworkers

in these industries are at high risk ci exposure.
The Natiomal Institute for Occupaticnal Safely
and Health (RIOSH) requires tozt every worker
subject to exposure to benzene must have urine
sampiing and apmalysis at quarterly intervals.

AMBIENT. EPA has assigne: priorities to

atmospheric socurces of benzene emissicz:
High priority scurces -

Ethylbenzene/styrene manufacture

Coke by-preduct plant

Benzene steorage vessels

Maleic anhydride plants

Chemical plants/petrcleum refinery fugitive

emissions
Low priority sources -~

Gascline Marketing (service staticns)

Other chemical plants (ethviene, chloroben~

zene, nitrcbenzene, alkyl benz=nes, etc.)

Solvent users (rubber product manufacturing,

adhesives, inks, paints).

CONSUMER. Along with ambient air exposures
(self-service gasoline delivery), cigareties
(average 90 micrograms per cigarette: and food
appear to constitute the major exrposure routes to
benzene for the general population. While data on

benzene in fcod are limited, tne cnemical has
been detected in nearly all Ezicr food cate-
gories. It has also been deteczzd 1z minicipal

tap water at 0.1 to 0.3 mg/liter.

Environmental Significance
The half-life of benzene in z:

-

to be 7 days and between one hcu:r an: 1 week in
envircomental waters. A bioconcsntraiion factor
of 5.21 has been calculated on ne bzsis of the
octanol/water partition coeffici=z<.

Acute toxicity to freshwatsr aZ_zt:ic life
occurs at concentrations as low R 1 and
te saltwater aguatic life at c:onren: NS as
low as 3.1 mg/l. Sensitive sy vosuifer
toxic effects at lower concentr . Adverss
effects can occur te fish spec:: CORTEenira-
tions as Jow as 0.7 mg/l expes:z: 1£% dave.

e

:
Agquatic algae are legs sensitivs Lo snzel
are mosi fish. ,
Scils serve as & maijor sit- t1or
befzene pul prani uptake is neg..:.°
oi  bhenzeme 1 land o0 5o
tess ) compared with reieases Lo ...

water and



North Carolina Productiion and Users

Production: One North Carclina producer
reported (TSCA Chemical
Substances Inventory): Mor-
ganton Plastics, Morganton:
0.55.0 tens/year.
No information available

Users:

Recommended Reviews
Carcinogen Assessment Group's Final Report
on Popuiation Risk to Ambient Benzene Exposures.

U.S. EPA, Carcinogen Assessment Group (February,
19807} .

NTP Technical Bulletin. Vol. 1, Issue 3.
National Toxicology Program, Department of Health
and Human Services (December, 1980).

EFA Information Paper on Benzeme. U.S. EPA,
Office of Research and Development (December 19,
1980) .

FIRST AID AND EMERGENCY RESPONSE INFORMATION

-27-

BENZENE

First Aid (NIOSH/GSHA Pocket Guide to Chemical
Hazards)

Eves: Wash with large amounts of
water immediately. CONTACT
LENSES SHOULH NOT BE WORK
WHEN WORKING WITH BENZENE.
Skin: Wash the contaminated skin
promptly with soap or mild
detergent and water. Kemove
clothing if contaminated and
wash skin.

Inhalation: Move to fresh air at once.
Perform artificial respira-
tion if necessary. Seek
immediate medical attention.
Ingestion: Do not induce vemiting. Seek
immediate medical attention.

Environmental Spills (U.S. Department of Trans-
portation Emergency Response Guidebook, 1980)

Will burn: No flares, smoking or flames.
Fires: Water spray, fog or alcohel foam.
Use water spray to reduce vapors.

Small spills: Take up with sand or other

absorbent
tlush area

nencombustible

material, then

with water.
Large spills: Dike far ahead of spill for
later disposal.



Name: Benzene
CAS Number: 00071-43-2
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BENZENE
Profile

Chemical Identification exposures of benzene in the air at a concen-

tration of 20,000 ppm have proved to be
Alternative Names: fatal within 5 to 10 minutes. Effects in-

clude headaches, nausea, staggering gait,
Benzin Mineral Naphtha paralysis, convulsicens, and eveatual uncon-
Benzine Motor Benzol sciousness and death, wusually follewing
Benzol NCI-(C55276 cardiovascular collapse. Giddiness and
Benzole Nitration  Benzemne euphoria have also been reported. Severe
Benzolene Phene nonfatal cases have exhibited similar symp-
Bicarburet of Hydrogen Phenyl Hydride toms but recovered after a period of uncon-
Carbon 01l Pyrobenzol sciousness.  Accidentally ingested benzene
Coal Naphtha Pyrobenzole may result in ulceration of the gastrointes-
Cyclohexatriene tinzl mucosa.

Chemical Abstract Services (CAS) Registry
Number: 00071-43-2

Registry of Toxic Effects of Chemical Substances
(RTECS) Number: CY140000

Hazardous Materials Table Identification

Number: UK 1114
RCRA Tdentification Number: U 019
Molecular Weight: 78.12
Molecular Formula: CéH6

Classification: The simplest aromatic compound
Description: A clear, coloriess, highly flam-
mable liquid. It is a nonpolar
solvent with an oder character-
istic of aromatic hydrocarbons.
Uses: In the manufacturing of deter-
gents, organic chemicals, pesti-
cides, synthetic rubber, aviation
fuel, dyes, explosives and in the

processing of nvlorn.

Chemical/Phvsical Dat:

80.1%

Boiling point: o
5.57C

Melting point:
Vapor pressure: 92.5 mm at 25°¢
Vapor density: 2.77 (air = 1.0
Solubility in water: 80D mg/l at 20°¢C

HUMAN TOXICITY

The summary provided below is from an EFA
Agency-wide Chemical Information paper (EPA, CRD,
1980, .

Acute--Acute benzene poiscning is character-
ized by nausea, vomiling, ataxXis (muscular
incoordination) and excitemesnt followed by
depression and coma.  Deaty usualiy the
resuitl oi respiraitorv  or tailure.
Benzene exposure causes acule Loxic effects
en the central nervous system. Single

s

diaf

Chronic--Multiple exposures over time can
cause leukemia. Benzene destroys red blood
cells. it reduces the white bloed cell
count. A more severe resuit is known as
aplastic anemia in which the blcod producing
cells of the bone marrow are severely
reduced.

Additional information on toxic effects and
concentrations have been noted by NIOSH and are
summarized below.

The chronic exposure effects of benzene are
by far the most serious disease caused by anv of
the common hydrocarbon solvents. Most deaths
have resulted irom exposures te levels exceeding
200 ppm. Blood changes are reported in workers
expesed at levels below 100 ppm (ACGIH, 19R0).
Worker exposures to benzene concentrations he-
tween 300 and 700 ppm consistently showed marked
blood dyscrasias (NIOSH, 1974).

Ligquid benzene on the skin may cause ery-
thema and blistering, and a dry, scaly dermatitis
may develop on prolonged or repeated exposure.
The rate of benzene absorption through.the intact
human skin is reported to be 0.4 mg/cm™/hr. Skin
absorpticn 1is not considered to be an important
reute of entry (NIOSH, 19747,

The maximum level at which one could escape
within 530 minutes without anyv escape-impairing
symptoms or irreversible effects 1s suggested to
be 2,006 ppm {NIOSH/OSHA, 1978}.

Carcinogenicity

U.S. EP&, CAG, 1980 CAG concluded that there 1is
substantial epidemiclogical evidence thatl
bernzene 1s & human leukemogen. Ca6 esti-
matss that the number of cases of leuvkemiz
per vear 1n the geperal population due Lo
ambient atmospheric benzene 1s about 90,
{The 95 percent confidence 1interval is from
34tz 23L 03 This 1s between (.23 and 1,42
percsnt of the total leukem:a deaths i tie
L.r o nasen on stalistacs fr b

IARC, 1457+ It 1s establishea tnal exposurs L

commeercial benzene or benzene-conlailniug
mixiures may result ipn damage to the hemato-
poietic system. A relationship between such
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exposure and the development of leukemia is

suggested by

study from J
only 1o mice
skin application.
permit the
activity has been demonstrated.

soma 1
exposed.

many

apan.

concl

case reports,
suggestion is strengthened by a case-control
Benzene has been tested
by subcutaneous injectiocn and
The data reported do not

usion that

Mutagenicity

U.S. EPA, CAG, 1979 CAG
evidence exists that benzene causes chromo-
ls and humans

aberrations
These

conciude

in anima

chromosomal

d

and this

carcinogenic

that ample

azberrations

probably involve breaks in DNA and therefore
ere probable heritable events if they occur
in the germinal cells, although the experi-

ments
rent time,

have net been decisive. At

the cur-

quantitative estimates of heri-

table genetic damage due to benzene camnot
be made from data on the frequency of soma-

ti1c mutations,

in

Shepard,
day
inc

tions

Ko

although this damage may be
occurring at concentrations as low as 1 ppm
air.

Teratopgenicity & Enbryotoxicity

1980 Injections

of gestation} resulted
idence of cle
reduction in mice.

developmental
when pregnant rats were exposed continucusly
to benzene vapers (1 to 670 mg/cu m). The
number of fetuses was reduced with the
higher concentratiomns.

ft  palate

in
and

(3 mi/kg on the 13th

increased
mandible

Skeletal growth retarda-
tion and skeletal anomalies were observed in
offspring of rats exposed to high concentra-

ANIMAL TOXICITY

ratory

Manv studies on
exposure on labo
formed.

ation o

nervour system {(decreased reflex activity, depres-

sion, sedation),

behavior
(R10SH,

Kesults
reported

behavi

. and reduced

;
1874,

Gt lethatl
171 the

Acute

the effec
animals

{up to 2,000 ppm) during pregnancy.

malformations were found

ts of benzene
have been per-
lox1c effecis have been observed in the
bone marrcw, blood {ieukopenia}, testes (degener-
f the seminiferous vesi

cles),

central

or {decreased spontaneous

resistenc

Toxicity

e to

infection

studies 1n several species as
listed below:

RTECS,

1480 are

iethal Dose or Lethail

3,800 mg/kg, LD5O
2,700 mgskg, LIGo

2 000
lethal

mgs kg,
dose

lowest

—2g-

Lethal Studies (Continued}

Inha- Rat 10,000 ppm (32,600 mg/cu
lation m}, for 7 hours. LC50
Mouse 9,980 ppm (32,535 mg/cu
m}, LC30 (duration not

giver .
Deg 4,520 pom {14,600 mg/cu

m). lowest lethal level
{duration not given}

Chronic Texicity

A rat iphalation study resulted in the
development of a moderate degree of leukopenia
after 5 to 8 weeks of 5 iir/day, 5 days/week
exposure at 44 and 47 ppo. No effects were
observed at exposures of 15 tco 31 ppm. Rats dis-
played a decrease in the white biocod cell counts
foliowing 756-hr. exposure at 50 ppm for 8 hr/day
5 days/week. Observations included reduced
amounts of DNA in the white celis, a depression
in myelecytic activity and an increase in the red
cell precursors in bone marrow (ACGIE, 1980},

Aguatic Toxicity

Aquatic toxicity ratinpg: Tlm  is 1£-1G0
(RTECS, 1980)

The EPA water quality criteria for protec-
tion of aquatic life are as follows:

Acute toxicity te freshwater aquatic Jife
occurs at concentrations as Jow as 5.3 mgSl.
Sensitive species encounter toxic effeciz  at
lower concentrations. Acute toxicity to saltwater
aguatic life occurs at concentrations as luw 25
5.1 mg/l. Adverse effects cccur at concentra-
tions as low as .7 mg/l with a fish species
exposed for 168 days (U.S5. EFA, WQC, I195BL

Aguatic algae are less sen:z.tive to berzons
than are most fish (U.S. EPA, ORI 1980;.

No information was found regarding bicalcum:-
lation or biodegradation in agualic species. An
average bioconcentration potent:zi of 5H.il
estimated in developing the waz quality or
teria. This level 1is -nol consicered signif:ca
(U.S. EPA, ORD, 1980).

! kRS
V-
T

I

ENVIRONMENTAL &-7-
Air
The average ambient air leve. oaf benzep-  1e
estimated Lo be 3.2b ug/cu m or I pph (U5, nis,
WOC, 188G). Concentratlions rany o from o oo o

m to 200 wg/ce m (0.015-0.0
detecied 1in Los Anpeles 411

has an estimated haif-li1e 1
calculated irom smog cham S I O .
1980), and degrades rather o TS T oo

ium. Accumulation in &iv OVe: LIldAl drcai Lo
significant, up to 100 times greater than normal
background levels (U.S. EPa. wipl, 198,



Water

Benzene has been detected in finished drinking
water at 0.1 to 0.3 pg/l and in water and sedi-
ment samples from the lower Tennessee River in
ppb concentrations (U.S. EPA, WQC, 1980). This
compound has an estimated half-life in water of 1
hour to 1 week (U.5. EPA, ORD, 1980), and little
accumulation in this medium is expected. Soluble
benzene persists in water until slow biodegrada-
ticn occurs.

501l

There are limited data regarding the persistence
of benzene in the soil. This compound probably
volatizes before degradation can occur, but could
also biodegrade slowly (Callahan, 1979). Seil
may act as a 'sink" {or atmospheric benzene,
resulting in some accumulaticn (U.S5. EPA, CORD,
1980 .

Biota

Although limited information is available regard-
ing benzene's persistence in biota, degradation
in this medium appears likely (Callahan, 1979)
Slow bacterial degradation and a low octanol/
water partition coefficient make accumulation
unlikely. Biomagnification is not expected.

Benzene occurs in straight-run petroleum distil-
lates and in coal-tar distiliates. Motor gaso-
lines are reported to contain small guantities of
benzene, usually less than 5 percent, (IARC,
1974), although benzene content 1in leadiree
gasolines may be much higher (up to 30%) (TARC,
1975). it has been detected in several foods
including fruits, nuts, vegetables, dairy pro-
ducts, meats, fish, poultry and several bever-
ages. C(iparettes are alsc estimated to contain
benzene at 90 pg/cigarette {(U.5. EPA, ORD, 1980},

INDUSTRIAL DATA
Productiorn
Production in North Carolina was reported by
1 company in the Toxic Substances Control Act

(TSCA) Chemical Substance Inventory:

Morganten Plastics, lorganton; 0.5-5.0
tons/year ((.S. EPA, TSCA Inventory, 1980).

Eenzene production and imporiation  was
estimated at over 11 miillion metric toms in 1980

(U.S. EPA. ORD. 1980

Consumption and Use

Estimated U.%. Consumption:

Chemical intermediate for

ethvinenzens 42 percent
Chemical intermediate for pheto 23 percent
Chemicai intermediats fos

cvelohexais 15 percen:

=30

Estimated Consumption {Continued}

Chemical intermediate for
maleic anhvdride

Chemical intermediate ifor
detergent aklylate

Chemical intermediate for aniline

Miscellaneous uses
(MEDLARS, 1981}

Nime: Bonzet
CAS kamber: 00071-47-2

I

percent

F

percer:i
percent
& percent

&

Reported uses of benzene and the corresponding
Standard Industrial {lassificaticn Cecaes are

listed below:

Chemical intermediate for
ethyl benzene, phenol,
cyclohexane, maleic
anhydride, and aaniline

Chemical intermediate for
detergent alkylate

In manufacture of
dichlorobenzenes,
anthraguincne, benzene
hexachloride, and bi-
phenyl

in manufacture of
chlorobenzene and DDT

Manufacture of medicinal
chemicals

Manufacture of dyes

Manufacture of linoleum

Manufacture of varnish
and laquers

Manufacture of 0il cioth

Manufacture of airplane dope

Sic

2869

284

2869
287
28>
2865
3996

2851

As a solvent for waxes and resins

Constituent for motor fuels

reference

TDE, 191

Sources of high benzene emissions Lu LG=
atmosphere have been assigned priorities by t:
U.S. Envireonmental Protection Agency.

Hiph Friority Scurces

Ethvibenzene/stvrene manufacture

Coke bv-product plants

Benzene storage vessels

Maleic anbydride plants

Chemical plants/petrcleum
emlss10ns

Low Priority Sources

Gasoline marketing

refi

Other chemical plants {(ethylene.
nitrobenzene, alkvi benzenes, el:.

Solvent users {Rubber product manufe
hesives, inks, paints] (U.S5.

Epa.

pery fugitisve

chicTonenzel. L
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RESEARCH AND REGULATORY DATA

Existing Guidelines and Standards

Ambient Air

Desigrated a hazardeus air pollutant by the U.§.
Environmental Protection Agency.

Workroom Air

ACGIH The Threshold Limit Value (TLV) estab-

lished by the American Conference of

Governmental Industrial Hygienists

(ACGIH) for workroom air is 10 ppm (30

mg/cu m) as a time-weighted average and

the short term exposure limit is 25 ppm

(75 mg/cu m). Benzene is designated an

"lndustrial Subslance Suspect of Carcin-
ogenic Potentisl for Man".

NIOSH The National Institute of Occupation:l
Safety and Health (NIOSH) recommends a
standard of I ppm {3 mg/cu m) as a
time-weighied average and a ceiling
limit of 5 ppm {15 mg/cu m). NIOSH
considers the evidence to be conclusive
that benzene is leukemogenic and recom-
mends that exposure to benzene be kept
as low as pussible.

0SHA The Occupational Safety and Health
Administration’'s (0SHA) standard for
workroom air is 10 ppm (30 mg/cu m) as
a time-weighted average. The standards
represent allowable concentrations of
toxic or hazardous substances to which
employees may be exposed without incur-
ring adverse health effects. A more
stringent standard reflecting the risk
of leukemiz from benzene was set at 1
ppm (3 mgicu m) as a time-weighted
average and a ceiling of 5 ppm (15
mg/cu m), but this standard was revoked
by court action (Code of Federal Regula-
tions, Title Z4, Part 1910, Subpart Z).

Addressed by Ambient waler Quality Criteria set
by the U.S. Environmental Protection Agency.

Designated a toxsc pollutant by the .S, Environ-
mental Protlection Agenc:

Designated & hasarduus substance by the U.S.
Environmental Proteciion agencs.

Uther

Regulated as a lazardeus

Bepariment  of s

material by

1ot The I

pertaln Lo the [oe P
¢f  hezaruous malerciai= 1N COmMMEYCo
Federal Regulat:ions, litie 49, Part
Benzene 15 classified as a

1ol and Lrang

(Lode  of
172.10%1 ).
fiammable liquid apd
shipments musi carry this labej.

—3i-

Reguilated as a hazardous waste under the Hazarc-
ous Waste Management System by the U.S. Environ-
mental Protection Agency. The regulations ac-
dress the proper management of hazardous wastes.

Institutions Concerned with this Chemical

Appears on the 1978 Priority List of the Chemical
Industry Institute of Toxicology {CIIT).

Subject of a Risk Assessmenl Document prepared by
the Carcinogen Assessment Group (CAG)Y of the U.S.
Environmenta: Protection Agency.

Subject of a menograph prepared by the laterira-
trenal  iwency for Research on Cancer (IARC.

Addressed hy
Interagency

a development plan prepared hy
Regulatory lLiaison Group -« ..

Tested by the Kational Cancer Institute (NUi) 1 -
carcinogenicity. (National Toxicology Progy
Fiscal Year 1980 Annual Plan. NTP-79-7 (19,-

REFERENCES
of Governmental Industr.

Documentation of the Thres -
old Limit Values, Fourth Edition. OH

American Conference
Hygienists (ACGIH).

Cincinnati

- S E IEseee r

(1980).

Callahan, M.A., et 2l. Water-Related Fate of 126
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Occupational Health Guideline for
Butyl Acetate

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists.
and other occupational health professionals who may
have a need for such information. It does not attempt 1¢
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE 1DENTIFICATION

* Formula: CH;COQ(CH:),CH.

¢ Synonyms: n-Butyl acetate; butyl ethanoate; acerti:
acid buty] ester

s Appearance and odor: Colorless liquid with a fruiry
odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for butyl acetate is 150
parts of butyl acetate per mithion parts of air (ppm!
averaged over an eight-hour work shift. This may alse
be expressed as 710 milligrams of butyl acetate per cubiz
meter of air (mg/m?).

HEALTH HAZARD INFORMATION

« Routes of exposure

Butyl acetate can affect the body if 1t is inhaled. comes
in contact with the eyes or skin, or s swallowed.
= Effects of overexposure

L. Short-term Exposure: Qverexposure to butvl acetare
may cause Irritation of the eyes, nose, and throa:
Severe overexposure may cause weakness, drowsines:,
and unconsciousness.

2, Long-term Exposure: Prolonged overexposure mas
produce irritation of the skin.

3. Reporting Signs and Symptoms: A physician should bz
contacted if anvone develops any signs or symptoms
and suspects that they are caused by exposure to bur!
acelate

scommended medical surveillance

_-:z izLowing medical procedures should be made
zvz..27.2 to each employee who is exposed to buty!
:: potentially hazardous levels:

Medical Screening: Employees should be
e 2 for history of certain medical conditions
it pelow) which might place the empioyee at
zszd risk from bytyl acetate exposure.

—>ion disease: Buty! acetate is a mild defatting agent
:zZ Zan cause dermatiils on prolonged exposure. Per-
oo with pre-existing skin disorders may be more
szzzzpuble to the effects of this agent.

—*®aZney disease: Although butyl acetate is not
kn-wT as a kidney toxin in humans, the importance of
imzs organ in the elimination of toxic substances justifies
speizi consideration in those with possible impairment
d :function,

—{rronic respiratory disease: In persons with im-
rzzo=Z pulmonary function, especially those with ob-
vE alrway d1seases the breathmg of butvl acetate

ﬁ1

=

— i~ er disease: Although buty] acetate is not known
z: : vt toxin In humans, the importance of this organ
= 1oz motransformation and detoxification of foreign
su>szances should be considered before exposing per-
soms with impaired liver function.
2. FPeriodic Medical Examination: Any employee devel-
o=z 1ae above-listed conditions should be referred for
Tim-=r medical examination.
Summary of toxicology
- = zminoipal effect of overexposure to butyl acetate is

=ozizn of the eves and nose, which occurs at 200 to
a0 =-~ and s marked at concentrations over 3000
== Eurvl acetate splashed in the eye causes marked
miznicn. but recovery is rapid. Anesthetic effects have
= ooserved 1n animals at very high concentrations.
Le.ozsof 4{)() to 600 ppm in exposures of 2 to 3 hours

These recommendations reflect good indusins
asstist in achieving an efiective occupational nealin prog-
witn a:
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CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 116

2. Boiling point (760 mm Hg): 126 C (260 F)

3. Specific gravity (water = 1): 0.88

4. Vapor density {air = 1 at boiling point of butyl
acetate): 4.0

5. Melting point: —74 C(—101 F)

6. Vapor pressure at 20 C (68 F): 10 mm Hg

7. Sotubility in water, g/100 g water at 20 C (68 F):
0.68

8. Ewvaporation rate (butyl acetaie = 1): 1.0
¢ Reactivity

1. Conditions contributing to instability: Heat

2. Incompatibilities: Contact with nitrates, strong
oxidizers, strong alkalies, and strong acids may cause
fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire involving butyl acetate.

4. Special precautions: Butyl acetate will dissolve
many plastics and resins.
¢ Flammability

1. Flash point: 22 C (72 F) (closed cup)

2. Autoignition temperature: 425 C (797 F)

3. Flammable limits in air, % by volume: Lower: 1.7;
Upper: 7.6

4. Extinguishant: Dry chemical, carbon dioxide,
foam
¢« Warning properties

1. Odor Threshold: Summer and May report odor
thresholds for butyl acetate of 7 ppm and 20 ppm,
respectively.

2. Eye lrritation Level: Grant reports that the vapor
of butyl acetate “causes irritation of the eyes and nose,
first noticeable to human beings at a concentration of
300 ppm in air, and objectionable at 3300 ppm; higher
concentrations cause tearing and hyperemia of the
conjunctiva.”

3. Evaluation of Warning Properties: Butyl acetate
can be detected below the TLV through its odor, and at
a concentration of only twice the TLV through its
irritant effects. For the purposes of this guideline,
therefore, butyl acetate is considered to have good
warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Genergl

Measurements to determine emplovee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-howr sample or on two four-hour
samples. Several short-time interval samples {up to 30
minutes} may aiso be used to determine the average
exposure level, Air samples should be taken in the
employee's breathing zone (air that would most neariy
represent that inhaled by the emplovee).

2 Butyl Acetate

+ Method

Sampimg and analyses may be performed by collection
of butyl acetate vapors using an adsorption tube with
subsequent desorption with carbon disulfide and gas
chromatographic analysis. Also, detector tubes certified
by WNIOSH under 42 CFR Part 84 or other direct-
reading dewvices calibrated to measure butyl acetate may
be used. An analytical method for butyl acetate is in the
NIOSH Monual of Analytical Methods, 2nd Ed., Vol. 2,
1977, available from the Government Printing Office,
Washington. D.C. 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be suppiemented. Respirators may also be used for
operaticns which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Instituie for Occupational Safety and Health.

« In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning. and evaluation.

PERSOKRAL PROTECTIVE EQUIPMENT

«* Emplovees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum}. and other appropriate protective clothing
necessary 1o prevent repeated or prolonged skin contact
with hiquid butyl acetate.

* Clothing wet with liquid butyl acetate should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
buty] acetate from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the butyl
acetate. the person performing the operation should be
informed of butyl acetate’s hazardous properties.

¢ Anyv ciothing which becomes wet with liquid butyl
acetate should be removed immediately and not reworn
until the butvl acetate is removed from the clothing.
¢« Empicvees should be provided with and reguired to
use spizst-proof safety gogeles where liguid buryl ace-
tate may contact the eyes.
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SANITATION EMERGERNCY FIRST AID PROCEDURES

* Skin that becomes wet with liquid butyl acetate In the event of an emergency, institute first aid r=~os-
should be promptly washed or showered with soap or dures and send for first aid or medical assisz--:.
mild detergent and water 1o remove any butyl acetate. e Eye Exposure

If butyl acetate gets into the eves, wash eves mm=c.27:-
ly with large amounts of water, lifiing the low =7
upper lids occasionally. Get medical attension as :77 2 z:
possible. Contact lenses should not be worm w=2-
working with this chemical.

¢ Skin Exposure

Operation Controls If butyl acetate gets on the skin, prompily fizss 1n
contaminated skin with water. If butyl acetz:: =

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to buryl acetate may occur and contro!
methods which may be effective in each case:

Use during application Local exhauvst ) reoa Foomhe
of nitrocels[}uig:e by ventilation: general through the c:lot.hmg.. remove the cloth.mg Immeiiziz
spraying, brushing, or dilution ventilation: and ﬂush the skln_ with water. If there is skin irm
dipping personal protective get medical attention.

equipment ¢ Breathing ‘

: If a person breathes in large amounts of butyl zz=1z12.
Use during application Local exhaust _ move the exposed person to fresh air at cmze IF
of surface coatings ventilation; genera breathing has stopped, perform artificial res-izzzoz
other than nitroceliuiose dilution ventilation; Keep the affected person warm and at rest. Ge: maoice)
lacquers, including personal protective attention as soon as possible.
paper coatings, leather equipment o Swallowing
coatings, and airplane When butyl acetate has been swaliowed, get mzz:z2z!
dope ename! attention immediately. ¥f medical attention is nos tmma-
Liberation during Local exhaust diately available, get the afflicted person to vo—:: by
manufacture of ventilation having him touch the back of his throat with h:s £-zer
nitrocellulose lacquers or by giving him syrup of ipecac as directec oo ihe

_ ) , o package. This non-prescription drug is availabie 27 = o
leeratlpn during Ge”?fa,' dilution drug stores and drug counters and should be kz=: w1k
prpduction of lacquer ventilation emergency medical supplies in the workplace. iz no:
thinner make an unconscious person vomii.

Liberation during use as General dilution ¢+ Rescue

a solvent for oits, pitch, ventiiation Move the affected person from the hazardous exoii-z

camphor, ethyl celivicse If the exposed person has been overcome, noti’s s mz-

acetate, and chlorinatec ‘ one else and put into effect the established emzrz=ro

rubber rescue procedures. Do not become a casuaity. Uz z=r-

Liberation during use as Generai dilution ;:and t}}:e lfacil%ty‘s efm ergency rescue pr(}ced.';iff_iﬁf

a solvent in production ventilation nf)w the locations of rescue equipment before 1= o222
L arises,

of artificial leather

Liberation during use of Local exhaust SPILL, LEAK, AND DISPOSAL

protective coatings in ventiation PROCEDURES

automobile industn

¢ Persons not wearing protective equipment zn.2 o015
ing should be restricted from areas of spilis or je2: =10
cleanup has been compieted.

* If butyl acetate is spilled or leaked, the 7 7. -
steps should be taken:

Liberation during use as Local exhaust
a solvent for vinyl, ventilation
polystyrene, and

methacrylate plastics

Liberation during Local exhaust . Remove all ignition sources.

manufacture of safety ventiiation 2. Ventilate area of spill or leal.

giass; during progucucn 3. For small quantities, absorb on paper tows.. = . _
of flavorings and rate in a safe place (such as a fume noos -
perfumes; durng sufficient ume for evaporating vapors 1o 7-= 7 - -
manuiacture of clear the hood ductwork. Burn the paper = - .
cosmetics. adhesivs: locanon away from combustible maverial: _ -, ..
shoe polishes, ang g2 utes can be collecied and atomized ooz s .
removers bustion chamber. Butyl acetate should not oo 20 . . -
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enter a confined space, such as a sewer, because of the
possibility of an explosion.

= Waste disposal methods:

Butyl acetate may be disposed of:

1. By absorbing it in vermiculite, dry sand, earth or a
similar material and disposiog in a secured sanitary
Iandfill.

2. By atomizing in a suitadle combustion chamber.
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HESPIRATORY PROTECTION FOR BUTYL ACETATE

Condition

Minimum Respiratory Protection®
Required Above 150 ppm

Vapor Concentration

1000 ppm or less

A chemical cartridge respirator with & ful! facepiece and an organic vapor
cartridge(s).

5000 ppm or less

A gas mask with a chin-style organic vaoo~ canister.

7500 ppm or less

A gas mask with a chin-style or a fron- or back-mounted organic vapor canister.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

10,000 ppm or less

A Type C supplied-air respirator witn a fuli facepiece operated in pressure-
demand or other positive pressure moge or with a full facepiece, heimet, or hood
operated in continuous-flow mode.

Greater than 10,000 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus witn a full facepiece operated in pressure-
demand or other positive pressure roos.

A combination respirator which incluoss a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seli-contained breathing apparatus operated in
pressure-demand or other positive presswre mode.

Fire Fighting Self-contained breathing apparatus win & full facepiece operated in pressure-
demand or other positive pressure mods.
Escape Any gas mask providing protection aga:nst organic vapers.

Any escape self-contained breathing aopzratus.

*Only NIOSH-approved or MSHA-approved equipment should be use~
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Occupational Health Guideline for
Ethyl Acetate

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists.
and other occupational health professionals who may
have a need for such information. It does not atternpt 10
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: CH,COOC:H:
¢ Synonyms: Acetic ester; acetic ether; ethyl ethanoate

» Appearance and odor: Colorless liquid with a pleas-
ant, fruity odor.

PERMISSIBLE EXPOSURE LIMIT (PEL}

The current OSHA standard for ethyl acetate 1s 400
parts of ethyl acetate per million parts of air (ppm)
averaged over an eight-hour work shift. This may ziso
be expressed as 1400 milligrams of ethyl acetate per
cubic meter of air (mg/m?).

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Ethyl acetate can affect the body if it is inhaled, comes
in contact with the eyes or skin, or is swallowed.
« Effects of overexposure

1. Short-term Exposure: Qverexposure to ethyl acetate
may caunse irritation of the eyes, nose, and throat
Severe overexposure may cause weakness, drowsiness.
and unconsciousness.

2. Long-term Exposure: Prolonged overexposure may
produce irritation of the skin.

3. Reporting Signs and Symptoms: A physician shouid be
contacted if anvone develops any signs or symptoms
and suspects that they are caused by exposure to ethvi
acetate.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to ethyl
acetate at potentially hazardous levels:

1. Initial Medical Screening: Employees should be
screened for history of certain medical conditions
(listed below) which might place the employee at
increased risk from ethyl acetate exposure.

—Chronic respiratory disease: In persons with im-
paired pulmonary function, especially those with ob-
structive airway diseases, the breathing of ethyl acetate
might cause exacerbation of symptoms due to its irritant
properties.

—.Skin disease: Ethyl acetate is a defatting agent and
can cause dermatiiis on prolonged exposure. Persons
with pre-existing skin disorders may be more suscepti-
ble to the effects of this agent.

—Liver disease: Although ethyl acetate is not known
as a liver toxin in humans, the importance of this organ
in the biotransformation and detoxification of foreign
substances should be considered before exposing per-
sons with impaired liver function.

—Kidney disease: Although ethyl acetate i1s not
known as a kidney toxin in humans, the importance of
this organ in the elimination of toxic substances justifies
special consideration in those with impaired renal func-
tion.

2. Periodic Medical Examination: Any employee devel-
oping the above-listed conditions should be referred for
further medical examination.

¢ Summary of toxicology

Ethy] acetate vapor is irritating to the eyes and respira-
tory passages of man at concentrations above 400 ppm.
In animals it has a narcotic effect at concentrations of
over 5000 ppm. Due to its irritating properties, employ-
ees will not voluntarily remain in such high concentra-
tions. Repeated exposures of rabbits to 4450 ppm for 1
hour daily for 40 days resulted in anemia with leukocy-
tosts, and damage to liver and kidneys. Animals exposed
to lethal concentrations died with pulmonary edema

These recommeandations reflect good industrial hygie~s a2 medicat surveillance practices and their implementation wil’

assist in achieving an eftective occupationa! healtn croz-a—
with all require™~—s 2
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and hemorrhage. This substance is a defatting agent,
and prolonged exposure may cause irritation of the skin.
Painful conjunctival irritation may occur from splashes
in the eve. No chronic systemic effects ha.s been
reported in humans.

~HEMICAL AND PHYSICAL PROPERTIES

® Physical data

1. Molecular weight: 88

2. Boiling point {760 mm Hg): 77 C (171 F;

3. Specific gravity (water = 1): 0.9

4. Vapor density (air = 1 at boiling point c? ernyl
acetate): 3.0

3. Melting point: —83C(—117F)

6. Vapor pressure at 20 C (68 F): 76 mm Hg

7. Solubility in water, g/100 g water at 20 C + 6% F).
8.7

8. Evaporation rate (butyl acetate = 1): 6
e Reactivity

1. Conditions contributing to instability: Hea-

2. Incompatibilities: Contact with nitrates. strong
oxidizers, strong alkalies, or strong acids may cause
fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be reieased
in a fire involving ethyl acetate.

4. Special precautions: Ethyl acetate wili atack
some forms of plastics, rubber, and coatings.

* Flammability

I. Flash point: ~4.4 C (24 F) (closed cup)

2. Autoignition temperature: 427 C (800 F

3. Flammable limits in air, % by volume: Low=-: 2.2,
Upper: 11

4. Extinguishant: Alcohol foam, carbon dioxi==. cry
chemical
¢ Warning properties

1. Odor Threshold: May and Summer repern: odor
thresholds for ethyl acetate of 0.0056 ppm and 57 ppm,
respectively.

2. Eye Irritation Level: Grant states that “a concen.
tration of 400 ppm in air causes a sensation of irr-at-n
in human eyes.”
concentrations developed no corneal damage. <
conjunctival irritation.

3. Evaluation of Warning Properties: Throczn s
odor and irritant effects, ethy] acetate can be de-2=1=
below or at the permissible exposure limit. Fo- the
purposes of this guideline, ethyl acetate is treates 2: 3
material with good warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

* General

Measurements to determine employee exposure 272 e
t*" °n so that the average eight-hour EXPONUTS §r Teaml
¢ & simgle eight-hour sample or on two fou-n
samples. Several short-ume interval samples (ur @0 35

2 Ethyt Acetate

minutes} may also be used to determine the average
exposure level. Air samples should be taken in the
emplovee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

e Method

Sampling and analyses may be performed by collection
of ethyl acetate vapors using an adsorpiton tube with
subsequent desorption with carbon disulfide and gas
chromatographic analysis. Also, detector tubes certified
by NIOSH under 42 CFR Part 84 or other direct-
reading devices calibrated to measure ethyl acetate may
be used. An analytical method for ethyl acetate is in the
NIOSH Manual of Analytical Methods, 2nd Ed.. Vol. 2,
1977, available from the Government Printing Office,
Washington, D.C., 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

® Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
Tespirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

¢ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular traimng, maintenance, inspection,
cleaning. and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minitmum}), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid ethyl acetate

¢ Ciothing wet with liquid ethyl acetate should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
ethyl acetate from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the ethyl
acetate. the person performing the operation should be
informed of ethyl acetaie's hazardous properiies

¢ Any clothing which becomes wer with higuid ethy!
accrate shouid be removed immediateiy and not reworn
until the ethyl acetale 15 removed from the clothing.
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s Employees should be provided with and required to
use splash-proof safety goggles where liquid ethyl ace-
tate may contact the eyes.

SANITATION

e Skin that becomes wet with liquid ethyl acetate
should be promptly washed or showered to remove any

. ethyl acetate.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to ethyl acetate may occur and control
methods which may be effective in each case:

Operation Controls

Local exhaust
ventilation; general
dilution ventilation

Liberation during use of
shellacs, lacquers,
dopes, varnishes, and
stains

Liberation during
manufacture of
smokeless powder;
during manufacture of
artificial leather; during
preparation of
photographic films

Process enclosure;
general dilution
ventilation

Liberation and use as a
solvent during
application of coatings
comntaining
nitrocellutose, celiulose
acetate, shellac,
synthetic rubber, viny!
resing, and inks

Process enciosure;
general dilution
ventilation

Use as a cleaning agent
in textile industry

Process enclosure;
general dilution
ventitation

Liberation guring
manufacture of
photographic fiim

Process enclosure;
general dilution
ventilation

Liberation during
manufacture of iincleum
and plastic wood; during
manufacture of dyes,
drug intermediates,
ethyl aceioacetale, eic.,
during use of duplicator
fluid

Process enclosure;
general dilution
ventilation

General dilution
venfilation

Liberation during use of
varnish removers

Sepitember 1876

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
deres and send for first aid or medical assistance.
s Eye Exposure

If ethvl acetate gets into the eyes, wash eyes immediate-
Iv with large amounts of water, lifting the lower and
upper lids occasionally. Get medical attention as soon as
possible. Contact lenses should not be worn when
working with this chemical.

¢ Skin Exposure

If ethyl acetate geis on the skin, promptly fiush the
contaminated skin with water. If ethyl acetate soaks
through the clothing, remove the clothing immediately
and flush the skin with water. If there is skin irritation,
get medical attention,

¢ Breathing

If a person breathes in large amounts of ethyl acetate,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
K eep the affected person warm and at rest. Get medical
artention as soon as possible.

e Swallowing

When ethyl acetate has been swallowed, get medical
artention immediately. If medical attention is not imme-
diately available, get the afflicted person to vomit by
having him touch the back of his throat with his finger
or by giving him syrup of ipecac as directed on the
package. This non-prescription drug is available at most
drug stores and drug counters and should be kept with
emergency medical supplies in the workplace. Do not
make an Unconscious person vomit.

¢ Rescue

WMove the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not weating protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

o If ethyl acetate is spilied or leaked, the foliowing
steps should be taken:

1. Remove all ignition sources.

>, Ventilate area of spill or leak.

3. For small guantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Alow
sufficient time for evaporating vapors to completely
ciear the hood ductwork. Burn the paper in a suitable
.acanon away from combustible materials. Large quan-
nnes can be collected and atomized i a suitable com-
pustion chamber. Ethyl acetate should not be allowed
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to enter a confined space, such as a sewer, because of

the possibility of an explosion.

¢ Waste disposal methods:

Ethyl acetate may be disposed of:

I. By absorbing it in vermiculite, dry sand, earth or a
umilar materiai and disposing: in a secured sanitary

andfill.

2. By atomizing in a suitable combustion chamber.
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RESPIRATORY PROTECTION FOR ETHYL ACETATE

Condition

Minimum Respiratory Protection”
Reguired Above 400 ppm

Vapor Concentration

1000 ppm or less

Any chemical cariridge respirator with a full facepiece and an organic vapor
cartridge(s).

5000 ppm or less

A gas mask with a chin-style organic vapor canister.

10,000 ppm or iess

A gas mask with a chin-style or a front- or back-mounted organic vapor canister.
Any supplied-air respirator with a fuli facepiece, helmet, or hood.

Any self-contained breathing apparazus with a full facepiece.

Greater than 10,000 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which inciudes a Type C supplied-air respirator with a
full facepiece operated in pressure-oemand or other positive pressure or continu-
ous-flow mode and an auxiliary seli-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection &gainst organic vapors.

Any escape self-contained breathinc apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be use3.
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ETHYL ALCOHOL

& information in this sheet applies to workplace exposure resulting from processing.
manufacturing, storing or handling and is not designed for the population at large. Any
generalization beyond occupational exposures should not be made. The best industrial
hygiene practice is to maintain concentrations of all chemicals at levels as low as is
practical.

Chemical Names: Ethanol, hydroxyethane, ethylhydroxide, methyl carbinol; CAS 64-17-5.

Trade Names: Grain alcohol, Algrain, Jayscl, Denatured Alcohol, and others.

Uses: Industrial solvent; in alccholic beverages, colognes, tonics, and lotiens; as a
cleaning agent.

PHYSICAL INFORMATICN

Appearance: Clear, colorless liquid. May be found in pure form or in various more

ditute concentrations.

QOdor: Pleasant, sweet, fruity. Minimum Detectable by QOdor: 5 ppm.
Behavior in bdater: Soluble. Evaporation: Moderate.

HEALTH HAZARD INFORMATION

OSHA Standard: Average 8 hour exposure -- 1000 ppm.

NIOSH Recommended Limit: None established.

ACGIHM Recommended Limit: Average 8 hour exposure -- 1000 ppm.

Short Term Exposure:

Inhalation: Levels of 5000 ppm to 10,000 ppm may result in irritation of
mouth. nose and throat and coughing, leading to sleep and stupor.

Skin: Pure ethyl alcohol may cause drying, redness and irritation. May be absorbed
through damaged skin.

Eyes: Irritation and tearing may result at 5000 ppm of vapor. Contact

with 1iquid may cause severe irritatior.

Ingestion: One ounce of pure ethyl alcohol may cause reddening of face and
neck and an exaggerated feeling of well-being. Three ounces of pure ethy!l
alcohol may cause an initial burst of excitement and activity folliowed by
increasing loss of coordination, slurred speech, nausea and drowsiness.

This may proceed to stupor, coma and death. Lethal dose of ethyl alcehol
ranges from two to five ounces, depending on age and size of the individual.
NOTE: Denatured alcohol contains additives which are extremely poisonous and
¢annot be removed by normal methods. Ingestion of denatured alcohol will pro-
duce much more serious poisoning.

*Prepared by the Bureau of Toxic Substance Assessment, New York State Department of Health.

for an explanation of the terms and abbreviations used, see "Toxic Substances: How Toxic
js Toxic" available from the New York State Department of Health.
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tong Term Exposure:

Prolonged inhalation of concentrations above 5000 ppm may produce symptoms (
listed under inhalation and the additional symptoms of headache, dizziness.

tremors and fatigue. Additives in denatured alcohol may result in other

more severe symptoms.

Alcohol has been Tinked to birth defects and cancer in humans.

EMERGENCY AND FIRST AID INSTRUCTIONS

Inhalation: Move victim to fresh air. Give artificial respiration or oxygen as required.
Skin: Remove soaked clothing. Wash with scap and water for 5 minutes.

Eves: Wash eyes with water at least 15 minutes. Seek medical attention.

tn

Ingestion: Seek immediate medical attention.

Note to Physician: In a deeply comatose patient, hemodialysis or an infusion of 200 g
fructose may be helpful.

FIRE AND EXPLOSION INFORMATION
General: Flammable. Ignites at 55°F (12°C).

Explosive Limits: Upper - 19%, lower - 3.3%.

Extinguisher: Alcohol foam, carbon dioxide, or dry chemical. Water may be ineffective
but can be used to cool fire-exposed containers. L

REACTIVITY

conditions to Avoid: Hot environments and open fiame.

Materials to Avoid: Reacts violently with perchlorates, peroxides, chromic acid and
nitric acid.

PROTECTIVE MEASURES

Storage and Handling: Store in a cool environment, in closed containers, away from
fiame. Underground or outdoor storage preferred for large quantities.

Engineering Controls: Use in well-ventilated areas.

Protective Clothing (Should not be substituted for proper handling and engineering
controls):Chemical goggles, rubber gioves, and boots should be worn.

Protective Equipment: A chemical cartridge respirator appropriate for ethyl alcohol
should be worn.

PROCEDURES FOR SPILLS AND LEAKS

Get all workers out of spill area. Put on respirator and other protective clothing. Spread
sand or other absorbent material over liquid to absorb it. Shovel into buckets, take to a
safe place in the open air. Wash area of spill with soap and water. For final dispesal, con-
tact your regional office of the N.Y.S. Department of Environmental Conservation. {

kN

For more information: ) ) ]
Contact the Industrial Hygienist or Safety Officer at your worksite or the

New York State Department of Health, Bureau of Toxic Substance Assessment,
Empire State Plaza, Tower Building, Albany, New York 12237.
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Occupational Health Guideline for
isobutyl Alcohol

INTRODUCTION

This gwdeline 1s intended as a source of information for
emplovees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data: rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: (CH;).CHCH.OH

¢ Synonyms: Isobutanol; IBA; 2-methyi-1-propanol;
1sopropylcarbinol

s Appearance and odor: Colorless liquid with a mild,
non-residual odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for isobuty! alcohol is 100
parts of isobutyi alcohol per million parts of air (ppm)
averaged over an eight-hour work shift. This may also
be expressed as 300 milligrams of isobutyl alcohol per
cubic meter of air {mg/m?). The Amencan Conference
of Governmental Industrial Hygienists has recommend-
ed for soburtyl alcohol a Threshold Limit Value of 50
ppm with a skin notation.

HEALTH HAZARD INFORMATION

* Routes of exposure

isobutyl alcoho! can affect the body if it is swallowed, is
inhaied, or comes in contact with the skin or eyes.
¢ Effects of overexposure

I, Short-term Exposure: Overexposure (o 1sobutyl alco-
hol may cause irritation of the eyes, nose, and throat,
headache, dizziness, and drowsiness.

2. Long-term Exposure: Drying and cracking of the skin
may result from prolonged skin exposure.

3. Reporting Signs and Symptoms: A physician should be
contacted 1if anvone develops any signs or symptoms

and suspects that they are caused by exposure to
isobutyl alcohol.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to isobutyl
alcohol at potentially hazardous levels:

1. Initial Medical Screening: Emplovees should be
screened for history of certain medical conditions
(listed below) which might place the employee at
increased risk from isobutyl alcoho! exposure.

—Skin disease: Isobutyl alcohol is a defatting agent
and can cause dermatitis on prolonged exposure. Per-
sons with pre-existing skin disorders may be more
susceptible to the effects of this agent.

—Liver disease: Although isobutyl alcohol is not
known as a liver toxin in humans, the importance of this
organ in the biotransformation and detoxification of
foreign substances should be considered before expos-
ing persons with impaired liver funcnion.

—Kidney disease: Although isobutyl alcohol is not
known as a kidney toxin in humans. the importance of
this organ in the elimination of toxic substances justifies
special consideration in those with impaired renal func-
tion.

—Chronic respiratory disease: in persons with im-
paired pulmonary function, especially those with ob-
structive airway diseases, the breathing of isobutyl
alcohol might cause exacerbaunon of symptoms due to
its irritant properties.

2. Periodic Medical Examination: Any employee devel-
oping the above-listed conditions should be referred for
further medicat examination.

e Summazry of toxicology

Isobutyl alcohol vapor had a narcotic effect in high
concentrations {6400 ppm) for mice. and was lethal at
10,000 to 15,000 ppm. In emplovees. repeated exposures
at 100 ppm had no significant effect. although irritation
of the eyes and throat were observed in other studies
where the vapor concentranions were higher. Isobutyl
alcohol ts a miid skin irritani. ™o chronic systemic
effects have been reported in humazn:

Tnese recommendations reftect good industrial hygiene and medica! surveillance practices ang tne smplememation wit!
assist in achieving an eftective occupational heaith program. However, they may not be sufficient ¢ achieve comphance
with ail requirements of OSHA regulations

U.5 DEPARTHMENT OF HEALTH AND HUMAN SERVICES
Pupnc Hean~ Service Centers for (isease Control
Natonat Insmute for Qccupational Safety and Heallh
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CHEMICAL AND PHYSICAL PROPERTIES

e Physica! dars

I. Moleculzr weighi: 74

2. Boiling point (760 mm Hg): 108 C{(226 F)

3. Specific gravity (water = 1): 0.8

4. Vapor gensity (air = 1 at boiling point of isobutyl
alcohoi): 2.6

5. Melnng point: —108 C(— 162 F)

6. Vapor pressure at 20 C (68 F); 8.8 mm Hg

7. Solubilitv in water, g/100 g water at 20 C (68 F):
8.7

B. Evaporanon rate (butyl acetate = 1):0.82
¢ Reactivity

1. Condinons contributing to instability: Heat

2. Incompeanbilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardoms decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire invobving isobutyl alcohol.

4. Special precautions: Isobutyl alcohol will attack
some forms of plastics, rubber, and coatings. It may
react with metallic aluminum at high temperatures.
¢ Flammsability

1. Flash posnt: 27.8 C (82 F) (closed cup)

2. Awtoignrtion temperature: 427 C (800 F)

3. Fiammable limits in air, % by volume (at 212 F):
Lower: 1.2; Upper: 10.9

4. Extingoishant: Alcohol! foam, dry chemical,
carbon dioxide
¢ Warping properties

1. Odor Threshold: Both Summer and May report an
odor threshold of 40 ppm.

2. Eye Irrmstion Level: Patty states, “Fassett has
studied isoburyi alcohol under the same conditions of
exposure as for n-butyl alcohol. No evidence of eye
irritation was noted with repeated 8-hour exposures to
levels on the order of 100 ppm. Animal data showed
that it was verv similar to n-butyl alcohol in its effects.”
n-Butyl alcoho! is known to be an eye irritant.

3. Evaloanion of Warning Properties: Since the odor
threshold of mobutyl alcohol is below the permissible
exposure hmrt it is treated as a material with good
Warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a singie exght-hour sampie or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) mav aiso be used to determine the average
Xposure vz Alr samples should be taken in the
employee's breathing zone (air that would most nearly
represent tha: mhaled by the employee).

2 lsobutyl Aucoho!

e Method

Sampling and anzlyses may be performed by collection
of isobutyl alcohol vapors using an adsorption tube with
subsequent desorption with 2-propanol in carbon disul-
fide and gas chromatographic analysis. Also, detector
tubes certified by NIOSH under 42 CFR Part 84 or
other direct-reading devices calibrated to measure iso-
butyl alcohol may be used. An analvtical method for
isobutyl alcohol is in the NIOSH Manual of Analytical
Merhods, 2nd Ed., Vol. 2, 1977, available from the
Government Printing Office, Washington. D.C. 20402
{GPO No. 017-033-00260-6).

RESPIRATORS

® Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure ievel, How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

¢ In addition to respirator selection. a compilete respira-
tory protection program should be mmstituted which
includes regular training, maintenance, mmspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

¢ Employees should be provided with and required to
use impervious clothing, gloves, face shrelds {eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid isobutyl alcohol.

* Clothing wet with liguid isobuty] alcohol should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
isobutyl alcohol from the clothing. If the clothing is to
be laundered or otherwise cleaned o remove the isobu-
tyl alcohol, the person performing the operation should
be informed of isobutyl alcohol's hazardous properties.
* Any clothing which becomes wet w1tk hiquid isobutyl
alcohol should be removed immediatels and not reworn
until the isobutyl alcohol is removed from the clothing.
¢ Employees should be provided with and required to
use splash-proof safety goggles where hguid isobutyl
alcohol may contact the eyes.
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SANITATION

e Skin that becomes wet with liquid isobutyl alcohol
shouild be promptly washed or showered to rernove any
isobutyli alcohol.

¢ Employees who handle liguid isobuty! alcohol should
wash their hands thoroughly before eating or smoking,.

COMMON OPERATIONS AND CONTROLS

"The following list includes some common operations in
which exposure to isobutyl alcoho! may occur and
contro! methods which may be effective in each case:

Operation Controls

Liberation during spray
applications of
nitrocetlulose lacquers

Liberation during use of
industriai cleaners;
during use of paint

Local exhaust
ventilation; general
dilution ventilation,;
personat protective
equipment

General dilution
ventilation; personal
proteciive equipment

removers

General dilution
ventilation

Liberation during hand
application of
nitrocelulose lacquers;
during manufacture of
lubricating oii and
hydraulic fiuids; during
manufacture of amino
resins and plasticizers

General dilution
ventilation; personal
protective equipment

Use during manufacture
of nitrocellulose
lacquers, paint
removers, and industrial
cleaners

General dilution
ventilation

i.iberation during
manufacture of
acetaldehyde; during
distiflation of whiskey

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If isobutyl alcohol gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. Get medical attention as soon as
possible. Contact lenses should not be worn when
working with this chemical.

+ Skin Exposure

If 1sobutyl alcohol gets on the skin, promptly flush the
contaminated skin with water. If isobutyl aicohol soaks
through the clothing, remove the ciothing immediately
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and flush the skin with water. If there is skin irritation,
get medical attention.

* Breathing

If & person breathes in large amounts of isobutyi alco-
hol, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Eeep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When isobutyl alcohol has been swallowed, get medical
attention mmmediately. If medical attention is not imme-
diately zvailable, get the afflicted person to vomit by
having him touch the back of his throat with his finger
or by giving him syrup of ipecac as directed on the
package. This non-prescription drug is available at most
drug stores and drug counters and should be kept with
‘emergency medical supplies in the workplace. Do not
make an gnconscious person vomit.

¢« Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL

PROCEDURES

« Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

s I isobutyl alcohol is spilled or leaked, the following
steps should be taken:

i. Remove all ignifion sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be collected and atomized in a suitable com-
bustion chamber. Isobutyl alcohol should not be ai-
lowed tc enter a confined space, such as a sewer,
because of the possibility of an explosion,

© Waste disposal methods:

Isobutyl alcohol may be disposed of:

1. By sbsorbing it in vermiculite, dry sand, earth or a
similar material and disposing in a secured sanitary
landfill _
2. By atomizing in a suitable combustion chamber.
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RESPIRATORY PROTECTION FOR ISOBUTYL ALCOHOL

Condition

Minimum Respiratory Protection”
Required Above 100 ppm

Vapor Concentration
1000 ppm or less

A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s). .

5000 ppm or less

A gas mask with a chin-style or a front- or back-mounted organic vapor canister.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any seli-contained breathing apparatus with a full facepiece.

8000 pprmn or less

A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 8000 ppm or

entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a fuli facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-appraoved equipment should be used.
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Occupational Health Guideline for
isopropyl Alcohol

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

e Formula: CH;CHOHCH,

= Synonyms: Isopropanol; IPA; 2-propanol; sec-propyl
alcohol

» Appearance and odor: Colorless liquid with an odor
of rubbing alcohol.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for isopropyl alcohol is
400 parts of isopropyl alcohol per million parts of air
(ppm) averaged over an eight-hour work shift. This
may also be expressed as 980 milligrams of isopropy!
alcohol per cubic meter of air (mg/m?®). NIOSH has
recommended that the permissible exposure limit be
changed to 400 ppm averaged over a work shift of up to
10 hours per day, 40 hours per week, with a ceiling of
800 ppm averaged over a l5-minute period. The
NIOSH Criteria Document for Isopropyl Alcohol
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

¢ Rontes of exposure

Isopropyl alcoho! can affect the body if it 1s swallowed,
is inhaled, or comes in contact with the skin or eyes.
= Effects of overexposure

1. Short-term Exposure: Exposure to high air concentra-
tions of isopropyl alcohol may cause mild irritation of
the eyes, nose, and throat. Drowsiness, headache, and
incoordination may also occur. Swallowing isopropyl
alcohol may cause drowsiness, unconsciousness, and

death. Gastrointestinal pain, cramps, nausea, vomiting,
and diarrhea may also resi’: from swallowing this
alcohol. ;
2. Long-term Exposure: Drying and cracking of the skin
may result from prolonged skic sxposure. Epidemiclog-
ical investigations have estabizshed that a carcinogenic
substance is present in isopropi alcohol manufacturing
areas, but have not confirmed isopropyl alcohol as a
causative agent of cancer.

3. Reporting Signs and Symptoans: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
isopropyl alcohol.

s Recommended medical sarveillance

The following medical procedures should be made
available to each employee who is exposed to isopropyl
alcohol at potentially hazardons levels:

1. Initial Medica! Examinatior.:

—A complete history and physical examination: The
purpose is to detect pre-existng conditions that might
place the employee at increased risk, and to establish a
baseline for future health momitoring. Exarmination of
the skin, liver, kidneys, and respiratory system should
be stressed.

—-Skin disease: Isopropyl aicohol is a defatting agent
and can cause dermatitis on prolonged exposure. Per-
sons with pre-existing skin disorders may be more
susceptible to the effects of thas agent.

—Liver disease: Although isopropyl alcohol is not
known as a liver toxin in humens, the importance of this
organ in the biotransformanon and detoxification of
foreign substances should be considered before expos-
ing persons with impaired liver function.

—Kidney disease: Althougr isopropyl alcohol is not
known as a kidney toxin fn hemans, the importance of
this organ in the elimination of toxic substances justifies
special consideration in those with impaired renal func-
tion.

—Chronic respiratory disesse: In persons with im-
paired pulmonary function. =specially those with ob-
structive airway diseases, 1hz breathing of 1sopropyv]

These recommendations refleci good industrial hygiene and medical surveillance practices a=z ther implementation wi:
assist in achieving an effective occupational health program. However, ihey may not be sufficeent 1o achieve comphancs
with all requirements of OSHA reguiations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Cisease Coniroi
Nationa! Instituie for Occupaponal Salety and Health
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.8, DEPARTHMENT OF LABOR
QOccupational Safety anc =ealth Adminustratior



alcohol might cause exacerbation of symptoms due to
its irritant properties.

2. Periodic Medica! Examination: The aforementioned
medical examinations should be repeated on an annual
asis,

- Svmmary of toxicology

The most important toxic effect of isopropyl alcohol is
narcosis, which occurs in mice at vapor concentrations
of 3000 ppm, the effects increasing with the duration of
exposure. Exposure to higher concentrations results in
ataxia, followed by deep narcosis and death. Reversible
changes occurred in the liver fat of mice repeatedly
exposed to high concentrations of wvapor. Isopropyl
alcohol is metabolized fairly rapidly, and acetone may
be detected in the urine following heavy exposures.
Human volunteers reported mild irritation of the eyes,
nose, and throat after 3 to 5 minutes exposure to vapor
at 400 ppm; at 800 ppm the results were not severe, but
most subjects found the atmosphere to be objectionable.
Accidental, extensive wetting of the skin could cccur in
industrial situations and as isopropyl alcohol is absorbed
readily through the skin, the additive effect of inhala-
tion and skin absorption could have serious results.
Similarly, there is a risk of deliberate ingestion of
isopropyl alcohol as a substitute for ethyl alcohol,
which would add to the effects of inhalation. The
defatting action of isopropyl alcohol can cause mild skin
irritation, but a small percentage of workers may devel-
op contact dermatitis of a more serious nature. No
chronic systemic effects have been reported in humans.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical dats

i. Molecular weight: 60

2. Boiling point (760 mm Hg): 82 C (180 F)

3. Specific gravity (water = 1): .78

4. Vapor density {air = 1 at boiling point of isopro-
pyl alcohol): 2.1

5. Melting point: —89 C(— 128 F)

6. Vapor pressure at 20 C (68 F): 33 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F).
Miscible in all proportions

8. Evaporation rate (butyl acetate = 1}: 2.83
* Reactivity

1. Conditions contributing to instability: Heat

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monozxide) may be released
in a fire involving isopropyl alcohol.

4. Special precautions: Isopropyl alcohol will attack
some forms of plastics, rubber, and coatings. It may also
react with metallic aluminum at high temperatures.
¢ Flammability

1. Flash point: 12 C (53 F) (closed cup)

2. Autoignition temperature: 399 C (750 F)

3. Flammable limits in air, %% by volume: Lower: 2.0,
Upper: 12.0

Z isopropy: Alcohol

4. Extinguishant: Alcohol foam, dry chemical,
carbon dioxide "
¢ Warning properties

t. Odor Threshold: Patty reports, “Scherberger et al.
stated that the concentration with identifiable odor of
isopropyl alcohol is 200 ppm.” May reports an odor
threshold of 45 ppm.

2. Irritation Level: According to Patty, “mild irrita-
tion of the eyes, nose, and throat was induced in human
subjects exposed by Nelson and associates for 3 tc §
minutes to 400 ppm of isopropyl alcohol.”

3. Evaluation of Warmning Properties: Through its
odor and irritant effects, isopropyl alcohol can be
detected below or at the permissible exposure limit. For
the purposes of this guideline, therefore, it is treated as a
material with adequate warning properties,

MONITORING AND MEASUREMENT
PROCEDURES

» Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

® (Ceiling Evaluation

Measurements fo determine employee ceiling exposure
are best taken during pericds of maximum expected
airborne concentrations of isopropyl alechol. Each
measurement should consist of a fifteen {(15) minute
sample or series of consecutive samples totalling fifteen
(15) minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3} measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure.

* Method

Sampling and analyses may be performed by collection
of isopropyl alcohol vapors using an adsorption tube
with subsequent desorption with 2-butanol in carbon
disulfide and gas chromatographic analysis. Also, de-
tector tubes certified by NIOSH under 42 CFR Part 84
or other direct-reading devices calibrated to measure
isopropyl alcohol may be used. An analytical method
for isopropyl alcoho!l is in the NIOSH Manual o
Analytical Methods. 2nd Ed., Vol. 2, 1977, available
from the Government Printing Office, Washington.
D.C. 20402 (GPO No. 017-033-00260-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering conirols be used to reduce environmental

September 1978
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concentrations to the permissible ezposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

» In addition to respirator selection. a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

» Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liqiid isopropyl alcohol.

® Any clothing which becomes wet with liquid isopro-
pyl alcohol should be removed ummediately and not
reworn until the isopropyl alcohol is removed from the
clothing.

¢ Clothing wet with liquid isopropyl alcohol should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
isopropyl alcohol from the clothing. If the clothing is to
be laundered or otherwise cleaned to remove the iso-
propy!l alcohol, the person performing the operation
should be informed of isopropyl alcohol’s hazardous
properties,

¢ Employees should be provided with and required to
use splash-proof safety goggles where liquid isopropyl
alcohol may contact the eyes.

SANITATION

e Skin that becomes wet with liquid isopropyl alcchel
should be promptly washed or showered to remove any
isopropyl alcohol.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure 10 isopropvi alcohoi may occur and
control methods which mav be effecuive 1n each case:
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Operation

Use as a solvent in
spray and heat
applications of surface
coatings, including
stain, varnish,
nitrocellulose lacquers,
and quick-drying inks
and paints

Use as a sojvent in
application other than
spray or heat of surface
coatings, including
stain, varnish,
nitrocellulose lacquers,
guick-drying inks and
paints, textile coatings
and dyes, dopes, and
polishes

Use in manufacture and
liberation during
packing of acetone

Use as a solvent in
manufacture of surface
coatings and thinners

Use in organic
synthesis for isopropyl
derivatives, including
phenols, acetates,
xanthates, ether,
amines, myristate,
palmitate, nitrite, and .
glycerin

Use in manufacture of
cosmetics, including
liniments, skin iotions,
permanent wave
lotions, and color hair
rinses

Liberation during use as
a disinfectant and
sanitizer; use during
cleaning and
degreasing operations

Use in preparation,
manufacture, and
packaging of
disinfectants and
sanitizers, including
rubbing aicohol, other
antiseptic solutions,
skin astringents, mouth
washes, and medicaied
sprays

Controls

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

General diluiion
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

iéopmpyl Alcoho: 3



Operation Controls

General dilution
ventilation; personal
protective equipment

Use in manufacture of
cleaning and
degreasing agenis,
‘ncluding stain and spot
removers, glass
cleaners, rug and
uphostery cleaning, tar
remover, liguid soap,
and windshieid cleaner
fluig; use in
manufacture of de-icing,
de-fogging, and anti-
freeze products

Use in extraction and
purification of alkaloids,
proteins, chlorophyll,
perfumes, sulfuric acid,
vitamins, kelp, pectin,
resins, gums, and
waxes

General dilution
ventilation; personal
protective equipment

General dilution
ventilation; personal
protective equipment

Use in manufacture of
rubber products; use as
an additive in anti-
stalling gasoiine,
iubricants, denatured
ethyl alcohol, hydrauiic
brake fluids, and rocket
fuel

Use in manufacture of
adhesives, including
nitrocelluiose film and
microfilm cement; use
in manufacture of safety
glass

General dilution
ventilation; personal
protective equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
« Eye Exposuore

if isopropyl alcohol gets intc the eyes, wash eyes
immmediately with large amounts of water, lifting the
lower and upper lids occasionally. Get medical atten-
tion as soon as possible. Contact lenses should not be
worn when working with this chemical.

¢ Skin Exposure

If isopropyl alcohol gets on the skin, flush the contami-
nated skin with water. I isopropyl alcohol soaks
through the clothing, remove the clothing immediately
and flush the skin with water. If there is skin irritation,
get medical attention.

= Bresathing

* a person breathes in large amounis of isopropyl
aicohol, move the exposed person to fresh air at once. if
breathing has stopped, perform artificial respiration.

4 fsopropyl Alcohaol

Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When isopropyl alcohol has been swallowed, get medi-
cal attention immediztely. If medical attention is not
immediately available, get the afflicted person to vomit
by having him touch the back of his throat with his
finger or by giving him syrup of ipecac as directed on
the package. This non-prescription drug is available at
most drug stores and drug couaters and should be kept
with emergency medical supplies in the workplace. Do
not make an UNCONSCIOUS Person voInit.

© Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

» Persons not wearing protective equipment and cloth-
ing should be restricied from areas of spills or leaks until
cleanup has been completed.

¢ If isopropyl alcohol is spilled or leaked, the following
steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rate in 2 safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
clear the hood ductwork. Burn the paper in a suitable
location away from combustible materials. Large quan-
tities can be collected and atomized in a suitable com-
bustion chamber. Isopropyl alcohol should not be al-
lowed to enter a confined space, such as a sewer,
because of the possibility of an explosion.

¢ Waste disposal methods:

Isopropyl alcohol may be disposed of:

i. By absorbing it in vermiculite, dry sand, earth or a
similar material and disposing in a secured sanitary
landfiil.

2. By atomizing In a suitable combustion chamber.
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Sepiember 1876



N

7N

s Christensen, H. E., and Luginbyhl, T. L. {(eds.):
NIOSH Toxic Substances List, 1974 Edition, HEW
Publication No. 74-134, 1974

e Grant, W. M.: Toxicology of the Eye (Znd ed), C. C.
Thomas, Springfield, Illinois, 1974.

¢ Henson, E. V.: “Toxicology of Some Aliphatic Alco-
hols - Part IL" Journal of Occupational Medicine, 2:497-
502, 1960.

¢ Internsational Labour Office: Encyclopedia of Occupa-
tional Health and Safety, McGraw-Hill, New York,
1971.

¢ Manufacturing Chemisis Association, Inc.: Chemical
Safety Data Sheet SD-98, Isopropy! Alcohol, Washington,
D.C, 1872

¢ May, J.: “Solvent Odor Thresholds for the Evalua-
tion of Solveni Odors in the Atmosphere,” Staub-

Reinhalt, 26:9, 385-389, 1966.

* National Institute for Occupational Safety and
Health, U.S. Department of Health Education, and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure 1o Isopropyl Alcokol, HEW Puybli-
cation No. (NIOSH) 76-142, GPO No. 017-033-00165-1,
U.S. Government Printing Office, Washington, D.C,,
1976.

¢ Patty, F. A, (ed.): Toxicology. Vol II of Industrial
Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York, 1963.

¢ Union Carbide Corporation, Induszrial Medicine and
Toxicology Department: Toxicology Studies - Isopropy!

Alcohol, New York, 1970.

RESPIRATORY PROTECTION FOR ISOPROPYL ALCOHOL

Condition

Minimum Respiratory Protection*
Required Above 400 ppm

Vapor Concentration

1000 ppm or less
cartridge(s).

A chemical cartridge respirator with a full facepiece and an organic vapor

5000 ppm or less

A gas mask with a chin-style organic vapor canister.

20,600 ppm or less

A gas mask with a front- or back-mounted organic vapor canistsr.

Any supplied-air respirator with a tull facepiece, heimet, or hooc.

Any self-contained breathing apparatus with a full facepiece.

Greater than 20,000 ppm or
entry and escape from
unknown concentrations

Seli-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C suppied-ar respirator with a
full facepiece operated in pressure-demand or other positve pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.,

Fire Fighting Self-contained breathing apparatus with a full facepiece opersted in pressure-
demanad or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors

Any escape self-contained breathing apparatus.

"Only NIOSH-approved or MSHA-approved equipment should be used.

September 1876
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METHANOL

Executive Summary

CAS NUMBER 00067-56-1

Hethanol (methyl alcohol) is a colorless,
tfammable, mobile liquid with a characteristic
sharp, sweet/sour odor. Originally. obtaiged by
the destructive distillation of wood, it is now
usually manufactured from hydrogen and carbon
moncxide or carbon dicxide, or by oxidation of
hydrecarbons.  Annual U.§, production for 197%
was estimated at 2,600,000 tons. North Carolina
requires the reporting of all spills if they
OCCUr near water,

Health Effects

ACUTE. "~ HMethanol toxicity is characterized
by visual disturbances and metabolic acidosis.
Other commonly reported symptoms include dizzi-
Ress, nausea and vomiting, and headaches. Severe
toxicity may develop after inhalation, ingestian
Or purcutaneous exposure.  Numerous cases  of
blindness and death have been reported.

A wide range of variability in toxicity
exists among individuals exposed to methanol.
General correlations between exposure and effect
are therefore difficult to make, Concentrations
ranging from 1,200 - 8,300 Ppm can lead to im-
paired wvision. Toxicity can be mediated by
ethanol which slows the metabolism of methapol to
formic acid.

Direct skin contact with methanol has been
said to cause dermatitis. Direct contact of
methanol with the eyes resulted in chemosis and
superficial lesions of the cornea which were
rarely of a serious nature.

CARCINOGERICITY. There is na evidence thst
methanol is carcinogenic ir man or animals.

MUTAGENICITY. Methanol is not mutagenic is
the Ames' Salmonella t%ghimurium assay.

TERATOGENITITY MBRYOTOXICITY. There is
no evidence to indicate that methanol causes
birth defects or is embryotoxic,

CHRONIC. HMethanol is slowly eliminated from
the body. Often, increased concentrations are
found in the blood angd tissue after repeated
exXposures,

Alterations in light sensitivity and varia-
tiens in EEG patterns have been detected after
sXposure  to low concentrations (0,77 ppm} of
methanol. However, chronic occupational exposure
to 25 ppm apparently has no harmful effect.

Tne  American (Conference of Govermmentai
Industrial Hygienisls has established a Threshoid
Limit  Value for workroom air {(time-weighted
dverage concentralios under which it is beleved
tht all workers may be repeatedly expesed day
atler day without adverse effect) of 200 ppm {262
mg/cu m). The recommended Short Term Exposure
Limit (the maximum concentration to which workercs
may be exposed for g period up to 15 minutes; 1s
250 ppm (328 mg/cu mi.  The 1importance of skan
€xposlre is notegd

Boules of human Exposure

"~ OCCUPATIONAL . Methanol is used ig the
production of formaldehyde and other chemicals
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and alse 4 an industrial solvent. Use as a
soclvent accounts for appreximately 90 percent of
methanol lesses to the environment. Seventy-two
octcupations that offer exposure to methanol have
been reported by the U.S. Department of Labor. 4
urinary methanol concentration of 10 ug/l mea-
sured at the end of the work shift is suggested
by one research team as the level above which
significant occupational exposure shouyld be
expected.

AMBIENT. Methanol has detected in the
municipal drinking water of nine cities, includ-
ing Durham, North Carolina. It has also been
detected in effiuents from sewage treatment
plants, and latex, paper, and chemical indus-
tries, including one chemical company on the
upper Catawba River, North Carolina.

An urban air concentration of 13.0 ug/cu w
1s reported as a "typical value" ip samples taken
in Pasadena, California.

CONSUMER.  Host of the serious cases of
methanol poisoning reported during the last 40
years {(many of them fatal, while others involved
permanent or temporary loss of vision) resuited
from the ingestion of methyl alcohol in the
belief that it was ethyl alcohol. Death from
ingestion of less than 30 m] has been reported.

Environmental Significance

No quantitative data are available on half-
life in air or water, nor on bicaccumulation in
aquatic organisms. Methanol is reactive with
oxidizing materisl in the atmosphere and is
removed by rain. It is highly miscible with
water. Siudge digestion is inhibited at 800
mg/l. The aquatic toxicity Tlm 96 is more than
1,000 ppm.

Concentrations above 0.15 ppm (0.2 mg/cu m)
produced a decrease in photosynthesis in several
different tree species.

Data on aquatic plants or algae have unot
been reported.

Rorth Carolina Production and Users

Frodiction in North Carolina was reported hy
five companies in the Toxic Substances Contre)
Act {TSCA) Chemicai Substance Inventory:

Carodel Corporatien, Fayetteville: 30-500 tons/
year

E.l1.  DuPont, Erevard: 500-25,000 tons/year

Hercofina-NC, Wilmingion: No report of praduc-
tion figures

New Bern Polyester, New Bern: 500-5,000 tens/year

Wright Chemical, Riegelwood: 500-5,000 tons/vear

Users: No information available

Kecommended Revigws
Chemical Hazargﬁ}nigrmqtiqn Profiles (CHIP:)

TSCA Chemical Assessment Series, U.5. EPA-500/1 -
80-011, pages 187-1%% {April, 198c;.

1979 Annuai keport and Scientific Keview,
Chemical Tndustry Institute of Toxicoelogy TCIIT),
Research Triangle Fark, N.C.

-194-



FIRST AID AND EMERGENCY RESPONSE INFORMATION

METHANOL
First Aid {NIOSH/OSHA Pocket Guide to Chemical Reactivity
Hazards)
CONDITIONS TO AVOID: Heat, flame
Eyes: Wash with large amounts of HMATERIALS TO AVOID: Strong oxidizers such
water immediately.  CONTACT as chromates, permanganates, hypochlorites and

LENSES SHOULD NOT BE WORN
WHEN WORKING WITH METHANGL.

Skin: Wash the contaminated skinp
with water. Remove clothing
immediately if contaminated
and wash skin, If irritation
persists after washing, get
medical attention.

Enhalation: Move to fresh air at once.
Perform artificial respira-
tion if necessary. Seek
immediate medical attention.

lngestion: Induce vomiting by finger or

by giving syrup of ipecac.
Seek medical attention immed-
iately.

Note to Physician: Gastric lavage with 3-5%
sodium bicarbonate. Prompt
hemodialysis if blood metha-
nol level is above 30 mg/dl
or if there is evidence of
acidosis.

Procedures for Spills and Leaks (U.5. DOT Emerg-
ency Response Guidebook, 1980}

Isolate hazard area and deny eatry. Stay
upwind and keep out of low areas. Wear positive
pressure breathing apparatus and special protec-
tive clothing. Wo flares, smoking or flames in
hazard area. Do not touch spilled material. Stop
leak if it can be done without risk. Use water
spray Lo reduce vapors. Isolate for % mile in all
directions if tank or tankcar is involved in
fire.

SMALL SPILLS: Take up with sand, or eother
noncombustible absorbent
material, then flush arez
with water.

LARGE SPILLS: Dike far ahead of spill for
later disposal.

Fire and Explosion Information

GENERAL: Burns with a very pale biue flams
that is not wsually wisible ir
normal light. Fumes may form
explugive mixtures in air. Igpites
at 127°C (547F).

EXPLOSIVE LIMITS: Upper - 36.5%, Lower -
6.0%

EXTINGUISHER: Dry chemical or foam; water
way mol ke effective but cac
be used to cool containers
during a five.

peroxides. Keacts violently with chloreform in
strongly caustic solutiens (example: with lye or
potassium hydroxide). Also reacts strongly with
magnesium, bromine and mitric acid.

Protective Measures

HANDLING AND STORAGE: Store im a cool place
away from sources of flame and ignition.

ENGINEERING CONTROLS: Provide adequate
ventilation; eye wash stations, sinks and showers
should be available.

PROTECTIVE CLOTHING (Should not be substitu-

ted for proper engineering and handling controls):

Wear splash proof goggles, rubber gloves, apron
and boots if contact is likely.

PROTECTIVE EQUIPMENT: For levels up to
2,000 ppm use a supplied-air or self-contained
breathing apparatus; for levels up to 10,000 Ppm
use the above with a full facepiece, heimet or
hood; for levels up to 25,000 ppm use a supplied-
air Type € respirator with full facepiece used in
a positive pressure or continwous flow mode,

~385-
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The North Carolina Toxic Substances Management Guide o Coany

CAS Number: 00067-56-]

METHANOL
Profile
Chemical Identification Methanol texicity 1s characterized by
v:sual disturbances and metabolic acidosis.
Alternative Names: tther commonly reported symptoms include
cizziness, nausea and vomiting, and head-
Carbinol Monohydroxymethane zhes. Severe toxicity may develop after

Celonial Spirit
Ceiumpian Spirits
Hethy! Alcchol
Methyl Hydroxide

Pyroxylic Spirit
Wood Alcohol
Wood Naphtha
Wood Spirit

Chemical Abstract Services (CAS} Registry
Number: Q0067-56-1

Registry of Toxic Effects of Chemical Substances
(RTECS) Number: PC 1400000

Hazardous Materials Table Identificatien
Number: UN 1230

RCRA Identification Number: U 154
Molecular Weight: 32.05

Molecular Formula: CHaO

Structure:

i

ih— C — 0H
]
H

Classificatien: The simplest of the aliphatic

alcohols.

Description: A colerless, flammable liquid with
a characteristic sour, sharp,
sweet odor.

Uses: Industrial solvent, fuel and in mapufac-

turing of formaldehyde.

Chemical /Physical Data

Boiling point: 64.7°C

Melting point: -97.8°C

Vapor pressure: 100 mm Hg at 21.2°C

Yapor density: 1.11 (Air = 1.0)

Solubility in water: Miscible with water, zlco-
hols, ketones and esters

Specific gravity: 0.8100

Flash point: 12%C closed_cup (54°F)

Ignition temperature: 470°C

Explosive limits: 7.3 to 36 percent by velume in
air

BUMAN TOXICITY

Methanel is slowly eliminated from the faody.
Incressed concentrations occur in  blood and
tissue after repeated exposures (ACGIH, 19%C;.

X105H has reviewed the toxic effeciz of
methanol  in humans.  The informalicn beizw is
taken from the KIOSH Criterie Document (32743

izhaiation, ingestion or percutaneous expo-
sdare. Numerous cases of blindness and death
rave been reported.

A wide range of variability in toxicity
exists between individuals exposed to melha-
zzl.  General correlations between expesure
and effect are therefore difficult to make.
tliterations in light sensitivity and varia-
tions in EEG patterns have been detected
ziter exposure to low concentratiens (0.77
pom) of methancl. However, chrenic occupa-
tienzl exposure to 25 ppm apparently has no
BEarmful effect. Concentrations ranging from
:,200-8,300 ppm can lead to impaired vision.
Ioxicity can be mediated by ethanol which
siows the metabolism of methanol to formic
acid.

Lirect skin contact with methyl alcohel has
been =zid to cause dermatitis. Direcl contact of
meihy> alcohol with the eyes resulted in chemosis
and superficial lesions of the cornea which were
rareiv of a serious mature {NIOSH, 1976

irinary methanol concentrations reflect
levels in blood for exposed subjecls. A urinary
methazzl concentration of 10 pg/l measured at the
end ¢i the work shift is suggested by one research
team zz the level above which significant occups-
tiona: exposure should be suspected (Ferry et

al., 1ZB0).

I

Tze maximum level al which one could escape
withiz 30 minutes without any escape-impsiring
svmptons or irreversible effects is sugpested to

be 2.3.0 ppm (NIOSH, 1978).

h from ingestion eof less thau 30U ml has
rted (TDR, 1981).

3l
(=

no o evidence was found to  indicate that
@EIGET . 1§ CArClhnOgenic  in man  or  auimals

Hutagenicity

Siman. 1UT7d Methanol was not motsgenic in the
ames’ Salmenella i i
assay. For the lest, e
were exposed Lo melhano] vapor in

4 desi1ccaton

Injection of . poereenl o metiand:
1 ograsshoppers produce
depie b 5 b percent
aberralion 1 Leslyon: ¥,
This result 185 considered to b of
questionable relevance to  human
mutagenicity.
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Namp !
CAS Numbuoer:

Teratogenicity and Embryotoxicity

No evidence was found to indicate that
methanol causes birth defects or is embryotoxic.

ANIMAL TOXICITY
Acute Toxicity

Results of lethal studies im several animal
species as reported in the RTECS, 1980 are listed

below:
Route Species Lethal Dose
Oral Rat 13 gm/kg, Lbs0
Mouse 0.4 pgm/kg, lowest
lethal dose
Rabbit 7.5 pgm/kg, lowest
lethal dose
Dog 7.5 pgm/kg, lowest
lethal dose
Monkey 7.0 gm/kg, lowest
lethal dose
Dermal Monkey 0.5 gm/kg, lowest
lethal dose
Ocular Rabbit eye 40 mg, moderately
toxic
Inhalation Rat 64,000 ppm/4 hours,
lowest lethal con-
centration
Acute and Chropic Inhalation Data
Results of inhalation studies in animals
have been summarized by Treon in a review of
methyl alcohol! published in Industrial Hygiene
and Toxicology, F.A. Patty, Ed. reon, 1963).
Tabulated effects reproduced from the Treon
review are given in the table on the following
page.

AQUATIC AND TERRESTRIAL TOXICITY

Aguatic Toxicity

Aquatic toxicity rating: TLe 96 is more than

1,000 (RTECS, 1980).

Verschueren reports a 48-hour Tim for trout
as 8,000 ppm and a 24-hour no-effect level for
creek chub at 8,000 ppm. Daphnia suffered no
effects after 48~hour exposure to 10,000 ppm.
The 24-hour Tim for briee shrimp is 10,000 ppm
(Verschueren, 1977).

No reports were found on biocaccumulation or
biodegradation 1n agualic speciss.

Phytotoexicity

Concentrations above 0.15 ppm (0.2 mg/cu m:
produced a decrease in photosynthesis in severa!
different tree species according to the report
(U.5. EPA, CHIF, 1980).

Ho data on aquatic plants or algae were
found.
Table 1. Physiclogical Effects upon Animals of ths
~  TInhalation of Methyl ATcohol Goncentratio:
Duration of Signs
mg/ exposure, of intox-
Animal ppm liter hr ication CQutcoms
Cat 132,000 173.0 5-5.5 Narcoszis Died
65,000 B6.0 4.5 Onside 50% daed
33,600 44.0 & Incoord-
ination  50% cisi
18,300 240 6 Nune, but Survive!
salivation
Mouse 72,600 95.0 54 Narcosis Died
72,600 95.0 28 Narcosis Died
54,000 70.7 54 Narcosis Died
48,000 62.8 24 Narcosis Survive:
16,000 13.1 230 Ataxia Survive !
152,800 200.0 94 min. Narcosis
101,600 133.0 91 min. Narcosis
91,760 120.0 95 min. Narcosis Over-al}
76,400 100.0 B9 min. Narcosis mortsi:ty
61,100 80.0 134 min. Narcosis  45%
45,800 60.0 153 min. Narcosis
30,600 40.0 190 min. Narcosis
173,000 227.0 Died
139,000 182.0 Highest
cencen-
tration
endurable
Rat 60,000 78.5 2.5 Narcosis,
convulsions
31,600 41.4 18-20 Bied
22,500 29.5 B Narcosis
13,000 17.0 24 Prostration
8,800 1.5 8 Lethargy
4,800 6.3 8 None
3,000 4.0 8 None
50,000 65.4 1 Drowsi-
ness Survivs:
Dog 37,000 4B.4 8 Prostra-
tion,
incoord-
ination
13,700  17.¢ 4 Nene
2,000 2.6 24 Nene
10,000 13.1 3 min. &
times each
d¢ay at hour-
ly intervals
for 104,
days None Sy
Degs & 450-500 0.59-U.65 8 hr/day.
pups 7 days/
week for
379 days None Survive?

(



Physiclogical Effects (Continued)

Monkey, 40,000 52.4 4 Iilpess  Death
rabbit, 406,000 52.4 1 daily Delayed
death
rat 10,000 13.3 18 daily Death
10,000 13.3 7 daily
for sev-
eral weeks Delayed
death
1,000 1.3 41 Death

Table reproduced from Treon, 1963,

ENVIRONMENTAL DATA

Air

An urban concentration of 1.30 pg/cu m is report-
ed as a "typical value" in samples taken in
Pasedena, California (Hanst, 1974). No quantita-
tive data are available regarding estimated
atmospheric residence time. Methanol is removed
by rainfall and is reactive with oxidizing mater-
ials in the atmosphere {U.S. EPA, CHIP, 1980).
This substance is not photoreactive, and can
accumuilate to high Jlevels ie this medium. A
vapor pressure of 1.11 ( Air = 1.0) indicates
some potential for dispersion im the atmosphere.

Waler

Hethanol has been detected 1in
drinking water of nine cities
North Carolina. 1t hss alsc been detected in
effluents from sewage treatment plants, and
latex, paper and chemical industries, including
one chemical company on the Upper Catawba River,
Korth Carolina (Shackelford, 1977). Estimated
half-life and hydrolysis rate data are mot avail-
able for this substance. Water is likely to he
methanol’s primary medium of dispersion because
of its miscibility. Evaporation from water can
be expected to limit the amount of accumulation

the municipal
including Durham,

in this medium (U.5. EPA, CHIF, 1950). Degrada-
tion occurs through reacticn with oxidative
materials.

Soil

Limited data are available regarding the persis-
tence of methaneci in soils. The substance is
volatile in this med:um, and undergees biodegra-
dation by scil micro-organisms.

BioLa

Methznol acts as a cumulativs porson :n bicta,
but can be metabolized to formic acic ar: formal-
dehyde (NIOSH, 1%7o). No quantitative data is
available regarding bioaccumuiaticr ir aguatic
organisms, although some accumulatior can be
expected with repeated exposure. Stmilariv,
bromagnitication 1s not expectss.

Methanol inhibits sludge
{Verschuerer, 1877 ..

digestion at 500 mg/il

Nevine:

CAS Homber:

INDUSTRIAL DATA

Production

1 Methano]

GOUHT - 50~

Production in North Carclina was reperted by
five companies in the Toxic Substances Conlrol
Act (TSCA) Chemical Substance loventory:

Carodel Corporation, Fayetteville:
vear

E. I. DuPont, Brevard:

Hercofina-NC, Wilmington:
tion figures

New Bern Polyester, New Bern:

Wright Chemical, Riegelwood:

{U.8. EPA, TSCA lnventory, 1980)

Annual U.S.

mated at 2,600,000 tons.

Consumption and Use

Estimated U.S. Consumption in 1973:

Production of
Solvent usage
Production of dimethyl teraphthalate
Production of methyl halides
Production of methylamines

Production of methyl methacryiate
Production of acetic acid

Production of glycol methyl ethers
Inhibit polymerization of formaldehyde
Exports

Miscellaneous

(U.S. EPA, CHIP, 1980)

formaldehyde

fema i U WSl Wi i = R R Y o)

N3 s SRV o U N [ LV ]

o

50-500 tons/

5,000-25,000 tons/year
No report of produc-

500~-5,000 tons/vear
500-5,000 tens/year

production for 1975 was esti-
(U.8. EPA, CHIP, 1930)

percent

porcent
percent
percent
percent
percent
purcent
poereent
percent
percent
prrcent

Reported uses of methanol and the corresponding

S1C codes are listed below:

Production of formaldehyde, dimethyl
terephthalate, methyl halides, methy-
lamines, methyl methacrylate, acetic
acid, glycel methyl ethers

Giycol methy! ethers used in jet fuel

Lacquers
Textile dveing
Phthalate production

Inhibit pulymerization of formaldehyde

Hetor fuel

Possible sewage treatment applications

Possible fermentation substrate for
animal feed

{U.5. EPA, CHIP, 1980}

Industrial solwvent

Raw material for making formaldehyde
and methyl esters

In antifreeze for automolive
radiators and air brakes

As a fuel for picnic stove:

As a fuel for scldering torches

As an extractant for amimal and
vegelable olls

~198-

2Bu4

24911,

2851

240

28B4,

28
24

4954

20

2860

;-
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280



Name: Hethanol
CAS Number: 00067-56~1

To denature ethanol

Softening agent for pyroxylin plastics

Sclvent adjuvant for polvmers

Solvent in the manufacture of pharza-
ceuticals
(Chloesterol, streptomvcin, vitamins,
hormones }

(Merck, 1976)

in

REGULATORY AND RESEARCHE BATA

Existing Guidelines and Standards

Ambient Air

Caution should be exercised in proiongec exposure
to elevated concentrations of methanol (Occupa-
tional Health Guidelines for Hethyl Alcohol
(NIOSH/OSHA Sept. 1978)).

Workrvoom Air

ACGIE The Threshold Limit Value (TLV} estab-
lished by the American Conferemce of
Governmental Industrial Eygienists
(ACGIH) for workroom air is 200 ppm
(262 mg/cu m) as a time- we1g£Led aver-
age. The recommended Skort Term Expo-
sure Limit (STEL) for 15 minutes is 250
ppm (328 mg/ cu m). The importance of
skin exposure is noted.

NIOSH The National Institute of Occmpational
Safety and Health (NIGSE; recommends a
standard of 200 ppm (26. mg/cu m) as &
time-weighted average and a 13-minute
ceiting limit of 800 ppa {1.03 g/cu m).

OSHA The Occupational Safety and Health
Administration’'s (O0SHA) standard for
workroom air is 200 ppz (262 mg/cu m)
as a time-weighted average.

Water
No guidelines for water have been estzblished.

Other

Regulated as a hazardous materiz: by the U.S.
Department of Transportation. Methzzol :s classi-
fied as a flammable iiguid and shipmests must
carry this label.

Regulated as a hazardous waste under the Hazard-
ous Waste Management Svstem by the U.S. EZnviron-
mental Protection Agency.

Organizations Concerned with this Cherm-zzl

Chemical Hazard Information Profile ({228 com-
piled by the Office of Testing zzd Evziuation,
U.5. Environmental Protection Ager:-

‘ppears on the 1977-198% fbrierity _ist: i the

~hemical Industry Instituie of Tox: S B
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Occupational Health Guideline for
Methylene Chloride

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt o
present all data; rather, it presents pertinent informatioa
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: CH,Cl;

* Synonyms: Dichloromethane; methylene dichloride
* Appearance and odor: Colorless liquid with an odor
like chloroform.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for methylene chloride is
500 parts of methylene chloride per million parts of air
(ppm) averaged over an eight-hour work shift, with an
acceptable ceiling level of 1000 ppm and a maximum
peak concentration of 2000 ppm for 5 minutes in any
two-hour period. NIOSH has recommended that the
permissible exposure limit be reduced to 75 ppm aver-
aged over a work shift of up to 10 hours per day, 4
hours per week, with a ceiling level of 500 ppm
averaged over a 15-minute period. NIOSH further
recommends that permissible levels of methylene chlo-
ride be reduced where carbon monoxide is present. The
NIOSH Criteria Document for Methylene Chioride
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Methylene chloride can affect the body if it is inhaled or
if it comes in contact with the eyes or skin. It can aisc
affect the body if it is swallowed.

¢ Effects of overexposure

1. Short-term Exposure: Methylene chloride is an anss-
thetic. Inhaling the vapor may cause mentat confusior,

light-headedness, nausea, vomiting, and headache. Con-
tinued exposure may cause increased light-headedness.
staggering, unconsciousness, and death. High vapor
concentrations may also cause irritation of the eyes and
respiratory tract. Exposure to this chemical may make
the symptoms of angina worse. Skin exposure to the
liguid may cause irritation. If the liquid is held in
contact with the skin, it may cause skin burns. Splashes
of the liguid into the eyes may cause irritation.

2. Long-term Exposure: Prolonged or repeated exposure
to methylene chloride may cause irritation of the skin.
3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
methylene chloride.

¢ Recommended medical surveillance

The foliowing medical procedures should be made
available to each employee who is exposed to methy-
lene chloride at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the employee at increased risk, and to establish a
baseline for future health monitoring. Examination of
the skin, liver, kidneys, cardiovascular system, and
blood should be stressed. Clinical impressions of the
autopomic nervous system and pulmonary function
should be made, with additional tests conducted where
indicated.

—S8kin disease: Methylene chloride can cause derma-
titis on prolonged exposure. Persons with pre-existing
skin disorders may be more susceptible to the effects of
this agent.

—Liver function test: Methylene chloride causes
liver damage in animals and this justifies consideration
before exposing persons with impaired liver function. A
profile of liver function should be obtained by utilizing
a medically acceptable array of biochemical tests.

—Kidney disease: Methylene chioride causes kidney
damage in animals and this justifies special considera-

These recommendations reflect good industrial hygiens z-a medical surveillance practices and their implementation wil'
assist in achieving an effective occupational health prog-=—. However, they may not be sufficient 1o achieve comptliance
with all requireme~= of OSHA regulations.

LS. DEPARTHMENT OF HEALTH AND HUKMAN SERVICES
Public Health Service Centers tor Disease Contror
MNaftional Institute for Occupational Safety and Health
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tion before exposing persons with impaired renal func-
tion.

—Cardiovascular disease: Because of reports of ex-
cessive carbon monoxide levels following exposure to
methylene chloride, persons with cardiac disease may
be at increased risk.

—A complete blood count: A complete biood count
should be performed, including a red cell count, a white
cell count, a differentizl count of a stained smear, as
well as hemoglobin and hematocrit. Carboxyhemoglo-
bin values should also be determined periodically, and
any level above 5% should prompt an investigation of
the worker and his workplace.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

¢ Summary of toxicology

Methylene chloride vapor is a mild narcotic. Exposure
of animals to 15,000 ppm for 7 hours was fatal. Animal
experiments have shown that continuous exposure to
1,000 ppm can be lethal in 5 to 7 weeks for dogs and that
fatty livers, icterus, pneumonia, and splenic atrophy
developed in dogs. Cardiac arrhytmias attributed to
sensitization of the myocardium have been observed
foliowing exposure to high concentrations of some
chlorinated hydrocarbons, but dogs exposed to 10,000
and 20,000 ppm of methylene chloride did not show this
phenomenon. In human experiments, inhalation of 500
to 10 ppm for 1 to 2 hours resulted in lightheadedness;
there was sustained elevation of carboxyhemoglobin
level. High exposures have resulted in deaths in indas-
trial situations. Lower but unknown concentrations
have caused such symptoms as lightheadedness, weak-
ness, nausea, and “drunken behavior,” resulting in mis-
takes and accidental falls. Phosgene poisoning has been
reported to occur in several cases where methylene
chloride was used in the presence of an open fire.
Liguid methylene chiloride is irritating to the skin on
repeated contact. Spiashed in the eye, it 15 painfully
irritating, but is not likely to cause serious injury.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical datz

1. Molecular weight: 84.9

2. Boiling point (760 mm Hg): 39.8 C (104 F)

3. Specific gravity (water = 1): 1.3

4. Vapor density (air = 1 at boiling point of methy-
lene chloride): 2.9

5. Melting point: =97 C(— 142 F)

6. Vapor pressure at 20 C (68 F): 350 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
2

8. Evaporation raie (butyl aceiate = 1}:27.5
¢ Reactivity

1. Condinons contributing to instability: Heat and
noisture

2. Incompatibilines: Contact with strong oxidizers,
strong caustics, and chemically active metals such as

L.
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aluminum or magnesium powder, sodium and potas-
sium may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as hydrogen chioride, phosgene, and
carbon monoxide) may be released in a fire involving
methviene chioride.

4. Special precautions: Liguid methylene chloride
will attack some forms of plastics, rubber, and coatings.
¢ Flammability

1. Flash point: None with normal test method

2. Autoignition temperature: 556 C (1033 F)

3. Flammable limits in air, % by volume: (at elevated
temperatures) Lower: 12; Upper: 19

4. Extinguishant: Dry chemical, carbon dioxide,
foam

*e Warning properties

1. Odor Threshold: Different authors have reported
varying odor thresholds for methylene chloride.
Summer and May both report 150 ppm; Kirk-Othmer
and Sax both report 25 to 50 ppm; Spector reports 320
ppm. Patty, however, states that since one can become
adapted to the odor, it cannot be considered an ade-
quate warning property.

2. Eye Irritation Level: Grant reports that methylene
chloride “presents no particular hazard to the eyes.”
Kirk-Othmer, however, reports that “methylene chio-
ride vapor is seriously damaging to the eyes.” Sax
agrees with Kirk-Othmer's statement.

The Documentation of TLV’s states that irritation of
the eyes has been observed in workers who had been
exposed to concentrations up to 5000 ppm, but that
neurasthenic disorders were found in 50% and digestive
disturbances in 30% of the persons exposed.

3. Other Information: Gleason reports that methy-
lene chloride may be “irritating to the respiratory tract
and may produce pulmonary edema” but gives no
quantitative information. The Documentation of TLV's
reports that in one investigation, irritation of the respi-
ratory passages was observed in workers who had been
exposed to concentrations up to 5000 ppm.

4. Evaluation of Warning Properties: Since no de-
taiied information is available relating the irritant effects
of methylene chloride to air concentrations and since
adaptation to the odor occurs, methylene chloride is
treated as a material with poor warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken sO that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
sampigs. Several shori-time interval samples (up 1o 30
minules} mav aisc be used 1o determine the average
exposure level, Air samples should be taken in the
emplovee's breatning zone (air that would most nearly
represent that inhaled by the employee).

Sepiember 1878
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e Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during pericds of maximum expected
airborne concentrations of methylene chloride. Each
measurement should consist of a fifteen (15) minute
sample or series of consecutive samples totalling fifieen
(15) minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shifi and the highest of all
measurements taken is an estimate of the employee's
exposure.

¢ Peak Above Ceiling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of methyvlene chloride. Each
measurement should consist of a 30-minute sample or a
series of consecutive samples totalling 30 minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three measurements should be taken on one work shift
and the highest of all measurements taken is an estimate
of the emplovee’s exposure.

¢ Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tabe with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also, detector tubes certified by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated to measure methylene chloride may be used.
An analytical method for methylene chloride is in the
NIOSH Manual of Analytical Methods, 2nd Ed., Vol 3,
1977, available from the Government Printing Office,
Washington, D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need 10
be supplemented. Respirators mayv also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitied
are those that have been approved by the Mine Safery
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
institute for Occupational Safety and Health.

¢ In addition to respirator selection. a complete respira-
tory protection program should be insututed which
includes regular training. maintenance. mspecton,
cleaning, and evaluation.

Saptember 1878

PERSONAL PROTECTIVE EQUIPMENT

¢ Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid methylene chloride.

¢ Non-impervious clothing which becomes wet with
liquid methylene chloride should be removed promptly
and not reworn until the methylene chloride is removed
from the clothing,

= Employees should be provided with and required to
use splash-proof safety goggles where liquid methylene
chloride may contact the eyes.

SANITATION

¢ Skin that becomes wet with liguid methylene chlo-
ride should be promptly washed or showered with soap
or mild detergent and water to remove any methylene
chioride.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to methylene chloride may occur and
control methods which may be effective in each case:

Operation

Use as a solvent in
paint and varnish
removers; manufacture
of aerosols; cold
cleaning and ultrasonic
cleaning; and as an
extraction solvent for
foods and furniture
processing

Use as a cooling
solvent in manufacture
of cellulose acetate; in
organic synthesis; and
in plastics processing

Use as a solvent in
vapor degreasing of
thermal switches and
thermometers

Use as a secondary
refrigerant tn air
conditioning and
sclentific testing

Controls

General dilution
ventilation; loca!
exhaust ventilation;
persona!l protective
equipment

Process enclosure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

General dilution
ventilation; local
exhaust ventitation;
personal protective
equipment

Methyiene Chioride 3




Operation Controls

General dilution
ventilation; local
exhaust veniilation;
personal protective
equipment

Use as an extraction
solvent for edible fats,
coca, butter, beer
lavoring in hops,
decaffeinated cofiee,
oleoresin manufacture,
oils, waxes, perfumes,
tlavorings, and drugs

General dilution
verntilation; local
exhaust ventilation;
personal protective
equipment

Use as a soivent for
paints, lacquers,
varnishes, enamels,
adhesives, rubber
cements, manufacture
of printed circuit boards,
as a carrier for
pharmaceutical tabiet
coatings, shrink-fitting
of synthetic rubber
covers, and dyeing of
synthetic fibers

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If methylene chioride gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. If irritation is present
after washing, get medical attention. Contact lenses
should not be worn when working with this chemical.
¢ Skin Exposure

If methylene chloride gets on the skin, promptly wash
the contaminated skin using soap or mild detergent and
water if the methylene chloride has not already evapo-
rated. If methylene chloride soaks through the clothing,
remove the clothing promptiy and wash the skin using
soap or mild detergent and water. If irritation persists
after washing, get medical attention.

¢ Breathing

If a person breathes in large amounts of methylene
chloride, move the exposed person to fresh air at once.
If breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When methylene chioride has been swallowed, get
medical attention immediately. If medical attention is
not immediately available, get the afflicted person to
vomit by having him touch the back of his throat with
his finger or by giving lim syrup of ipecac as directed
on the package. This non-prescription drug is available
.1 mosl drug stores and drug coumters and should be
kept with emergency medical supplies in the workplace.
EBo not make an unconscious person vomit.

4 Methyiene Chiorige

* Rescue

BMove the affected person from the hazardous exposure.
1f the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND LEAK PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks untit
cleanup has been completed.

= If methylene chloride is spilled or leaked, the foliow-
ing steps should be taken:

I. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. Collect for reclamation or absorb in vermiculite, dry
sand, earth, or a similar material.
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RESPIRATORY PROTECTION FOR METHYLENE CHLORIDE

Condition

Binimum Respiratory Protection®
Required Above 500 ppm

Vapor Concentration
5000 ppm or less

Any supplied-air respirator with a full facepiece, heimet, or hood.
Any self-contained breathing apparatus with a full facepiece.

Greater than 5000 ppm or
entry and escape from
unknown concentrations

Self-contained breathsg apparatus with a full facepiece operated in pressure-
demand or other posTve pressure mode.

A combination resperazor which includes a Type C supplied-air respirator with a
full facepiece operatec i pressure-gemand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or oter positive pressure mode.

Fire Fighting Self-contained breatwng apparatus with & full facepiece operated in pressure-
demand or other positr=e pressure mode.
Escape Any gas mask proviairsz protection against organic vapors.

Any escape seli-contamed breathing apparaius.

*Only NIOSH-approved or MSHA-approved equipment should be used.

Beptember 1878
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The North Carolina Toxic Substances Management Guide
METHYL ETHYL KETONE

Executive Summary

CAS Number: 00078-93-3

Methyl ethyl ketone (MEK) is a colorless,
flammable liguid with an acetone~like odor. It
is used as an industrial solvent, especially as a
coatings solvent. Estimated U.S5. production in
1975-76 was 524 million pounds. No federal
regulations concerning spills exist at present.
Borth Carolina requires the reporting eof all
spills if they occur near water.

Health Effects

ACUTE. MEK is readily absorbed by the
lungs, gastro-intestinal tract and through the
skin. Concentrated short-term exposure may
constitute a major hazard to health, with serious
residual injury potentially resulting, despite
prompt treatment.

CARCINOGENICITY. No carcinogenic effects
have been reported for MEK.

MUTAGENICITY. No data on the mutagenicity
of MEK in standard Lests are available.

TERATOGENICITY AND EMBRYOTOXICITY. Terato-
genic and embryotoxic effects have been found
after exposure of pregnant rats to MEK.

CHRONIC. HEK is moderately irritating when
inhaled or applied to the skin. Symptoms which
may cccur range from eye, nose and throat irrita-
tion (with possible necrosis if inhaled), derma-
titis and numbness in the arms to (N5 effects.

Occupational Health

The American Conference of Governmental
Industrial Hygienists has established a Threshold
Limit Value for workroom air of 200 ppm (590
mg/cu m). The recommended Short Term Exposure
Limit 1is 300 ppm (885 mg/cu m. A workroom air
concentration of 200 ppm (590 mg/cu m) is both
the standard of OSHA and the recommendation
standard of NIOSH.

Routes of Human Exposure

OCCUPATIONAL. There is no record of serious
human illness from industrial use of MEK.

AMBIENT. Nu data exist on ambient MEK
concentrations.

CONSUMER. The use of MEK as a flavor ingre-
dient is regulated by the Food and Drug Adminis-
tration. MEK exists in cigarette smoke in con-
centrations to 500 ppm and in gasoline exhausts
in concentrations from below 0.1 ppm to 1.0 ppm.

Environmental Significance

Stable and persistant low levels of MEK may
be widely dispersed in water. Removal may be
more important than degradation.

Photolytic degradation can be expected of
HMEK in the atmosphere. MEK is not expected to
accumulate or biomagnify in the soil as it can be
metabelized bv the biota.

Recommended Reviews

Criteria ior s Recommended Standard...QCCU-
PATTONAT EXPOSURE TG KETONES p. 164-166, 181-2.
Nationsl lnstitute for Occupational Safety and
Health (197&;.

Documentation of the Threshold Limit Values,
Fourth Edition 1980. American Conference of Go-
vernmental Industrial Hygienists, Inc.

m—Lidh=



FIRST AID AND EMERGENCY RESPONSE INFORMATION

METHYL ETHYL KETONE

First Aid (NIOSH/0SHA Pocket Guide to Chemical
Hazards)

Eves: Irrigate immediately with
large amounts of water occa-
sionally lifting upper and
lower lids. Seek medical
attention immediately.
CONTACT LENSES SHOULD KOT BE
WORN WHEN WORKING WITH THIS
CHEMICAL.

Skin: Promptly remove contaminated
clothing. Wash with soap and
water for at least 5 minutes.
Seek medical attention, if

necessary.
Inhalation: Move te fresh air. Give
artificial respiration or
oxygen 1if necessary. Seek

medical attention.
Ingestion: Get medical attention immed-
iately. If medical attention
is not immediately available,
induce vomiting by touching
the back of his throat with
his finger or administer
syrup of ipecac.

Note to Physician: Induce emesis if greater than
1 mg/kg was ingested. Magnes-
ium or sodium sulfate cathar-
tics should be used after all
ingestions.

Procedures for Spills and Leaks (U.S. DOT Emer-
gency Response Guidebook, 1980)

Restrict entry. Stay upwind; keep out of
low areas. Isolate hazard area. Wear self-con-
tained breathing apparatus and full protective
clothing. Isolate for % mile in all directions
if tank or tankcar is involved in fire. No flares
smoking or flames in hazard area. Stop leak if
it can be done without risk. Use water to reduce
vapors.

SMALL SPILLS: Take up with sand cor other
noncombustible absorbent
material, then flush area
with water.

LARGE SPILLS: Dike far ahead of spill for
later disposal.

Fire eand Explosion Information

MEK will burn %f exposed to a source cf ignition.
lgnites at 474 °C.

EXPLOSIVE LIMITS: Upper - 10%, lower - 2%.

SHMALL FIRES: Dry chemical, €C,, water
spray or alcohol foam.

LARGE FIRES: Water spray, fog or foam

EMERGENCY ACTION: Move container from fire
if it can be dome without risk, container
may explode in heat of fire. Stay away from
ends of tanks. Cpol coptaipers that are
exposed to flames with water from the side
until well after the fire is out. For
massive fire in cargo area, use unmanned
hose holder or momitor nozzles. Withdraw
immediately 1in case of rising sound from
venting safety device or discoloration of
tank, Flammable vapor may spread away from
spill. Runcff to sewer may create fire or
explosion hazard.

keactivity

MATERIALS TO AVOID: Very strong oxidizers
present potentiaily hazardoeus incompatibilities.

CONBITIONS TG AVOID: Any contact with
spurces of ignition or extremely high tempera-
tures can cause fire or explosion.

Frotective Measures

Freclude from exposure those individuals with

diseases of skin, blood or central nervous system.
Make annual physical examinations, including blood
czll count.

STORAGE AND HANDLING: Close tightly, store
in a cool place, and check intermittently for
ieakage. During shipping, keep in a cocl venti-
iated hold, more than 6 meters apart from the
walls of such places with fire and heat as boiler
room, kitchen, etc. Do not load together with
explosives, oxidizing materials, poisons, organic
peroxides and radicactive materials. Preferably
provide electrical equipment with spark resistant
construction.

ENGINEERING CONTROLS: Adequate ventilation.
Scower, sink and eyewash statiens should be
vailable.

PROTECTIVE CLOTEING (Should not be substi-
tuted for proper handling and engineering con-
trols): Wear appropriate protective clothings to
prevent repeated or prolonged skin contact,
including rubber gloves, apron and faceshield or
goggles.,

PROTECTIVE EQUIPMENT: Tor levels up te 1000
ppm wear a chemical cartridge respirator with
¢rganic vapor cartridges and full facepiece. For
ievels up to 3000 ppm, wear a gas mask with
CCganic vapoer canlster, or supplied-air respir-
amor with a full facepiece, or a2 self-contained
breathing apparatus with a full facepiece. For
escape, wear a gas mask with organic vapor can-
iz1er or a self-contained breathing apparatus.

a
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The North Carolina Toxic Substances Management Guide 4% Number: 00078-93-3

METHYL ETHYL KETONE

Chemical Identification
Alternative Names:

Acetone, Methyl-
Butanone

Z-Butanone

Ketone, Ethyl Methyl
Meetco

MEK

Methyl Acetone

Chemical Abstract Services (CAS) Registry
Number: 00078-93-3

Registry of Toxic Effects of Chemical Substances
(RTECS) Number: EL6475000

Hazardous Materials Table Identification
Number: N 13193

RCRA Identification Number: U 159
Molecular Weight: 72.1¢

Molecular Formula: C,H,C

478
Structure: H ﬂ ? 0

! i

Hee -~ {—{—(C«H

| | |

H H B
Classification: Ketone
Description: Colorless, flammable liguid with

acetone~like odor
Use: Industrial solvent

Chemical/Physical Data

Boiling point: 79.6°C at 760 mm Hg
Melting point: -86.4°C
Vapor pressure: 71.2 mm Hg at 20%
Vapor density: 2.41 {air = 1.0}
Density: 0.805
Solubility in water: 27.5% - decreasing at
higher temperatures
Ignition temperature: 474°C
Flash point: (closed cup) 21%F
Explosion level: Upper - 10%; lower - 2%
Odor threshold in air:
abscolute perception limit: 2.0 ppm
100% recogniticn limit: 6.0 ppm

HUMAN TOXICITY

Methyl ethyl ketone (MEK) is classified as a
slight local irritant, cavsing readily reversible
changes which disappear after exposure ends.
Exposure by inhalation of 100 ppm for 5 minutes
produced mnasat and throat irritation {NIOSKE,
1978 ;. The threshold for eve and nose irritation
is approximately 200 ppm for 50% of those unac-
climaied. Exposure to 200 ppm produce local eye

'

Profile .

and nose irritation and if inhaled, cun cause
necrosis. Dermatitis and numbness in the arms

-occurred in humans exposed to 300-600 ppm (882-1,

760 mg/cu m) {(NIGSHE, 1978). The lowest toxic
concentratien is reported as 300 ppm for humans.

MK is readily absorbed by the lungs, gastro-
intestinal tract and through the skin. TDR
(198%; states that MEK is a major hazard to
healtn during concentrated short-term exposure,
with serious residual injury potentially resul-
ting despite prompt treatment. The maximum level
at which one could escape within 30 minutes
without any escape-impaliring Sympioms or irrever-
sible effects is suggested to be 3000 ppm (8,820
mg/cu =) (NIOSH, 1978).

There is no record of serious human illness
trom industrial use of methyl ethyl ketone {TDE,
19825 .

Carcinogenicity

ko carcinogenic effects of MEK have been
reported.

Mutagenicity

Ro data are available on the mutagenicity of
MEK in standard tests.

Teratogenicity & Embryotoxicity

Evidence of teratogenicity was found when
pregnant rats were exposed to methyl ethyl ketone
at 1,126 and 2,618 ppm (3,320 and 7,720 mg/cu m)
{KIOSE, 1978). There is limited evidence for Lhe
embryotoxicity of MEK, however, transplacental
migration does occur with accumulation in the
fetal blood {TDE, 1982).

ANIMAL TOXICTITY
MIK is moderately irritating when inhaled or
appliec to the skin (TDE, 1982) and can affect
the central nerveus system (NIOSH, 1978).

Acute Toxicity

Resulis of lethal studies 1in 1Lwo species, as
reported in TDB {1982) are listed below:

Lethal Dose or Lethsl

Route Species Concentration

Oral Rat 6.86 ml/kg, LD5C

Ural Rat 3400 mg/kg, LD5O

inna- Rat 2000 ppm for 4 how s,
latico LlLe

Derma’ Rabbit 1300 mg/ikg, LDo

Chronic Joxicitw

ns of c¢hronic toxicity studics, s
repaerted  1n TDB (1982) and RTECS (1987 are
listec below:




Methyl Ethyl Ketone

Number: 00078-93-3

Route Species  Dose Toxic Effect
Inha- Rat 1000 ppm TCLlo, terato-
lation (6-15 d preg) genesis

Dermal Rabbit 500 mg/24 hrs moderate irpi-
tation

Rabbit 402 mg/24 hrs mild irritation

Rabbit 13780 ug/24 mild irritation

hrs.

Aquatic Toxicity

Aquatic toxicity rating: TFIM 96 hr is
greater than 1000 ppm (TDB, 1982). Tim (24-96)
for mosquite fish is 5600 mg/l (Verschueren,
1977).

MEK is easily degraded and is nomtoxic to
microorganisms at concentrations up to 800 mg/cu
m (TDB, 1982).

Inhibition of cell multiplication in Micro-
cystis aeruginosa begins at a concentration of
110 mg/i.

ENVIRONMENTAL DATA

Air

MEK can be formed as a degradation product of
aidehyde and hydrocarbons in the atmosphere.
However, it can be expected to degrade photolyt-
ically.

Water
By its chemical analogy to acetone, widespread
dispersal of MEK in water is possible. Low

levels can be expected to be quite stable and
persistant. Removal may be more important than
degradation.

Biota

HEK is metabolized by microorganisms and mammals
(TDB, 1982). Therefore it is not expected to
accumulate or biomagnify.

Soil

There is insufficient data to verify accumulation
of MEK. However, the metabolisis of MEK by
microorganisms in sludge and the volatility of
ketones may prevent accumulation of MEK in soil.

Othery

MEK is used as a commercial flaver inpredient in
non-alcoholic beverages (70 ppm), ice cream (270
ppm), candy (100 ppm} and baked goods (100 ppm)
(TDB, 1982).

INDUSTRIAL DATA
Production

No production in Worth Carolina reported i
the Toxic Substances Control Act (TSCA) Chemiral
Substances Inventory {U.5. EPA, TSCa, 1980

The estimated U.S. production for 1975-76
was 526 million pounds (262,000 tons)} {KIOSH,
1978}.

Censumption and Use

Estimated U.5. Consumption in 1971:

Vinyl coatings solvent 34 percent
Nitrocellulose coatings solvent 14 percent
Adhesives solvent 13 percent
Acrylic coatings solvent 10 percent

Catalyst injtiator in tereph-

thalic acid production § percent
Lube 0il dewaxing 7 percent
Misc. coatings and applications 14 percent
{TDB, 1982}

Reported uses of methyl ethyl ketone and the
corresponding SIC codes are listed below:

Hanufacture of colorless synthetic

resins 2821
Surface coatings solvent 252
(ACGIH, 1980)

Solvent for nitrocellulose,

adhesives, hardwood pulping 2823, 2981, 2611
In artificial leather manufacture 282
In lacquer and varnish industry 2851
In pharmaceuticals and cosmetics 283

In synthetic rubber 2822, 30
RESEARCH AND REGULATORY DATA

Existing Guidelines and Standards

Ambient Air
No guidelines {for air have been established.

Workroom Air

ACGIH The Threshold Limit Value (TLV} estab-
iished by the American Conference of
Governmental Industrial Hygienists

(ACGIH) for workroom air is 200 ppm
(590 mg/cu m) as a time-weighted aver-
age. The recommended Short Term Expo-
sure Limit (STEL) is 300 ppm (885 mg/cu
m).

NIOSH The National Institute of Occupaticnal
Safety and Health {NIOSH)} recommends a
standard of 200 ppm (590 mg/cu m) as a
time-weighted average.

OSHA The Occupational Safety and Health
Administration's {(0OSHA} standard for
workroom air is 200 ppm (590 mg/cu m)
as a time-~weighted average.

kater
No pguidelines for water have been established.

Other

Kegulated as & hazardous material by the U.S.
Department of Transportation. Methyl ethyl ketone
is classified as a flammable liquid, and ship-
ments must carry a label which reads "fiammable
ligquid.”

/ﬂ‘-\



Regulated as a hazardous waste under the Hazard-
ous Waste Management System by the U.S. Environ-
mental Protection Agency.

Appears on the 1977 Priority List of the Chemical
Industry Institute of Toxicelogy (CIIT).

Appears on the Priority List of the Interagency
Testing Committee {ITC).

Subject to a proposed rule under the Toxic Sub-
stances Control Act.
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Occupational Health Guideline for
Tetrachioroethylene™

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does noi attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: CClL, = CCl;

¢ Synonyms: Perchioroethylene; perchlorethylene; te-
trachlorethylene; perk

¢ Appearance and odor: Colorless liquid with an odor
like chloroform or ether.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for tetrachloroethviene is
100 parts of tetrachloroethyiene per million parts of air
(ppm} averaged over an eight-hour work shift. with a
ceiling level of 200 ppm and a maximum acceptable
peak of 300 ppm for 5 minutes in any three-hour period.
NIOSH has recommended that the permissible expo-
sure limit be reduced to 50 ppm (339 mg/m?) averaged
over a work shift of up to 10 hours per day, 40 hours per
week. with a ceiling level of 100 ppm (678 mg/m?)
averaged over a 15-minute period. The NIOSH Criteria
Document for Tetrachloroethylene should be consulted
for more detailed information.

HEALTH HAZARD INFORMATION

¢ Routes of exposure .

Tetrachloroethylene can affect the body if it is inhaled
or if it comes in contact with the eves or skin. It can also
affect the body if it is swaliowed.

« Effects of overexposure

1. Short-term Exposure: Tetrachloroethylene may cause
headache, nausea, drowsiness, dizziness, incoordina-
tion, and unconsciousness. It may also cause 1irritation of

the eves, nose. and throat and flushing of the face and
neck. In addition, it might cause liver damage with such
findings as yellow jaundice and dark urine. The liver
damage may become evident several weeks after the
exposure.

2. Long-term Exposure: Prolonged or repeated overex-
posure 0 liquid tetrachloroethylene may cause irrita-
tion of the skin. It might also cause damage to the lrver
and kidnevs. :
3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symploms
and suspects that they are caused by exposure to
tetrachloroethylene.

¢ Recommended medical surveiliance

The following medical procedures should be mads
available to each employee who 1s exposed to tetrach-
loroethylene at potentially hazardous levels:

1. Initial Medical Examination:

-A compiete history and phvsical examination: The
purpose s to detect pre-existing conditions that might
place the exposed employee at increased nisk, and (o
establish a baseline for future health monitoring. Exami-
nation of the liver and the cardiovascular and neurc-
logical systems should be stressed. The skin should be
examined for evidence of chronic disorders.

—Liver function tests: Tetrachloroethyiene may
cause liver damage. A profile of liver function should be
obtained by using a medically acceptabie array of
biochemical tests.

—Urinalysis: Since kidney damage has also been
observed from exposure, a urinalysis should be obtained
to include at minimum specific gravity, albumin, giu-
cose,-and a microscopic on centrifuged sediment.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annuz
basis.

¢ Summary of toxicology

Tetrachloroethylene vapor is a narcotic. Rats did not
survive when exposed for longer than 12-18 minutes 10
12,000 ppm: when exposed repeatedly to 470 ppm they
showed iiver and kidney imjury. Cardiac arriythmias

These recommendations reflect good industrial hygiene and medical surveiliance practices and their implernentation wit
assist in achieving an effective occupational heatth program. However, they may not be sufficient to achieve compliance
with ali requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALYH AND HUMAN SERVICES
Public Heaith Service Centers for Disease Controt
National institute for Occupational Satety and Health

September 1978

U.S. DEPARTMENT OF LABOR
Occupational Safety and Heailth Administratior:
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attributed to sensitization of the myocardium to epin-
ephrine have been observed with certain other chlorin-
ated hydrocarbons, but exposure of dogs to concentra-
tions of 5000 and 10,000 ppm tetrachioroethylene did
not produce this phenomenon. Four human subjects

'ere unable to tolerate 5000 ppm in a chamber for 6
minutes. They experienced vertigo, nausea, and mental
confusion during the 10 minutes foliowing cessation of
exposure. In an industrial exposure to an average con-
centration of 275 ppm for 3 hours. followed by 1100
ppm for 30 minutes, a2 worker lost consciousness; there
was apparent ciinicai recovery 1 hour after exposure
but the monitored concentration of tetrachloroethylene
in the patient’s expired air diminished slowly over a 2-
week period. Long-term industrial exposures have been
reported to cause various neuropathies, such as numb-
ness, trembling, neuritis, and defects of memory.
During the second and third post-exposure weeks, the
results of liver function tests became abnormal, suggest-
ing that acute exposure had had a significant effect upon
the liver. Other instances of liver injury following
industriai exposure have been reported. Other effects on
humans of inhalation of various concentrations are as
follows: 2000 ppm, mild narcosis within 5 minutes; 600
ppm, sensation of numbness around the mouth, dizzi-
ness, and some incoordination after 10 minutes. In
human experiments, 7-hour exposures at 100 ppm result-
ed in mild irritation of the eyes, nose, and throat;
fiushing of the face and neck; headache; somnolence;
and slurred speech. Exposure of the skin to the liquid
for 40 minutes resulted in a progressively severe burn-
ing sensation beginning within 5 to 10 minutes; the
result was marked erythema, which subsided after 1 to 2
hours. The liquid sprayed into rabbits’ eyes produced
immediate pain and blepharospasm; patches of epitheli-
um were lost, but the eves recovered completely within
2 days. : )

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 165.85

2. Boiling point (760 mm Hg): 121.2 C (250 F)

3. Specific gravity (water = 1): 1.62

4. Vapor density (air = 1 at boiling point of tetrach-
loroethylene): 5.83

3. Melting point: —224C(—8F)

6. Vapor pressure at 20 C (68 F): 14 mm Hg

7. Solubility in water, g/100 g water at 20 C (68 F):
0.015

8. Evaporation rate (butyl acetate = 1); 2.8
s Reactivity

1. Conditions contributing to instability: Heat.

2. Incompatibilities: Tetrachloroethylene reacts with
strong oxidizers and chemically active metals such as
bartum, lithium, and beryllium.

*. Hazardous decomposition products: Toxic gases
and vapors (such as hydrogen chloride, phosgene, and
carbon monoxide} may be released when tetrachlor-

2 Tetrachlioroethylene

oethylene decomposes.

4. Special precautions: Liguid tetrachloroethylene
will attack some forms of plastics, rubber, and coatings.
* Flammability

1. Not combustible
® Warning properties _

1. Odor Threshold: Both May and Stern state that 50
ppm 1is the odor threshold for tetrachioroethylene.

2. Eye Irritation Level: Grant reports that “exposure
to high concentrations of (tetrachioroethylene) vapor
causes mild sensation of irritation to the eyes, but
serious injury is not likely.” The exact concentrations
producing irritation are not mentioned by Grant.

Spector, however, reports that after a 20- to 30-

" minute exposure to 206 to 235 ppm, eye irritation occurs

in humans.

Patty reports “very slight irritation of the eyes”
among humans at 106 ppm.

3. Other Information: Spector reports that a 10-
minute exposure to 513 to 690 ppm produces nose and
throat irritation.

4. Evaiuation of Warning Properties: Since the odor
threshold of tetrachloroethylene is below the permissi-
ble exposure limit. and since eye irritation occurs at a
concentration only twice the permissible exposure limit,
its warning properties are considered 1o be adequate.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up te 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of tetrachloroethylene. Each
measurement should consist of a fifteen (15) minute
sample or series of consecutive samples totalling fifteen
(15) minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the emplovee’s
exposure.

* Peak Above Ceiling Evaluation

Measurements to determine employee peak exposure
should be taken during periods of maximum expected
airborne concentration of tetrachioroethylene. Each
measurement should consist of a 30-minute sample or a
series of consecutive samples totaiting 30 minutes in the
employee’s breathing zone (air that would most nearty
represent that inhaled by the employee). A minimum of
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three measurements should be taken on one work shift
and the highest of all measurements taken is an estimate
of the emplovee’s exposure.

¢ Method

Sampling and analvses may be performed by collectiorn
of vapors using an adsorption tube with subsequent
desorption with carben disulfide and gas chromatogra-
phic analysis. Alsc. detector tubes certified by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated to measure tetrachloreoethylene may be used.
An analytical method for tetrachloroethvlene 1s in the
NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3,
1977, available from the Government Printing Office.
Washington, D.C. 20402 {(GPO No. 017-033-00261-4.

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technicaliy feasible, when such controls are in the
process of being installed, or when they fail and need 10
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respiralors is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the Nationa!
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be insttuted which
includes regular training, maintenance, Inspection,
cleaning. and evajuation.

PERSONAL PROTECTIVE EQUIPMENT

¢« Employees should be provided with and required 1o
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with hgquid tetrachloroethylene.

+ Non-itmpervious clothing which becomes contami-
nated with liquid tetrachloroethylene should be re-
moved promptly and not reworn until the tetrachlor-
oethylene is removed from the clothing.

¢ Clothing wet with liquid tetrachloroethylene should
be placed in closed containers for storage until it can be
discarded or unti} provision is made for the removal of

tetrachloroethylene from the clothing. I the clothing is |

to be laundered or otherwise cleaned to remove the
tetrachloroethylene, the person performing the oper-
ation should be informed of tetrachloroethylene's haz-
ardous properties
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¢ Emplovees should be provided with and required to
use splash-proof safety gogples where liquid tetrachior-
oethyvlene may contact the eyes.

SANITATION

e Skin that becomes contaminated with liquid tetrach-
loroethylene should be promptly washed or showered
with soap or mild detergent and water 1o remove any
tetrachloroethylene.

¢« Employees who handle liquid tetrachloroethylene
should wash their hands thoroughly with soap or mild
detergent and water before eaung, smoking. or using
toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to tetrachloroethylene mav occur and
control methods which may be effective in each case:

Operation

Use as dry cieaning
solvent; as degreasing
and metal cleaning
agent; in vapor
degreasing of metal
parts

Use as chemical
intermediate in
production of
fluorocarbons,
pesticides, and
trichioroaceiic acid

Use as scouring, sizing,
desizing, solvent and
greaser remover in
processing and finishing
of textiles

ise as general
industrial sclvent in
rubber, textile, printing,
soap, and paint remover
industries

Use as extraction agent
for vegetable and
mineral oils and in
pharmaceutical
industry; as vermifuge;
as laundry treatment for
presoaking and as
drying medium in metal
and wood industries

Controls

iLocai exhaus!
ventilation; general
dilution; personai
protective equipment

Process enciosure;
local exhaus?
ventilation; general
dilution ventiiation

Local exhaust
ventilaiion; general
ditution; personal
protective equipment

Locai exhaus:
ventilation; general
dilution; persona!
protective equipment

Local exhaus!
ventilation; general
dilution ventilation,
personal protective
equipment

Tetrachioroethyiene 3



EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
Eve Exposure
af tetrachloroethylene gets into the eyes, wash eves
immediately with large amounts of water, lifting the
lower and upper lids occasionally. If irritation is present
after washing, get medical attention. Contact lenses
should not be worn when working with this chemical.
¢ Skin Exposure
If tetrachioroethylene gets on the skin, promptly wash
the contaminated skin using soap or mild detergent and
water. If tetrachloroethylene soaks through the cloth-
ing, remove the clothing premptly and wash the skin
using soap or mild detergent and water. If irritation
persists after washing, get medical attention.
* Breathing
If a person breathes in large amounts of tetrachloroeth-
viene, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
K.eep the affected person warm and at rest. Get medica!l
attenrion as soon as possible.
¢ Swallowing
When tetrachloroethylene has been swallowed, get
medical attention immediately. 1f medical attention is
not immediately available, get the afflicted person to
vomit by having him touch the back of his throat with
his finger or by giving him syrup of ipecac as directed
on the package. This non-prescription drug is available
at most drug stores and drug counters and should be
kept with emergency medical supplies in the workplace.
Do not make an unconscious person vomit.
¢ Rescue
Move the affected person from the hazardous exposure.
1f the exposed person has been overcome, notify some-
one eise and put into effect the esiablished emergency
rescue procedures. Do not become a casualry. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not wearing pratective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ If tetrachloroethylene is spilled or leaked. the follow:-
ing steps should be taken: '

i. Ventilate area of spitl or leak.

2. Coliect for reclamation or absorb in vermiculite, dry
sand, earth, or a similar material.

© Waste disposal method:

-etrachloroethylene may be disposed of by absorbing i1
in vermicuhte, dry sand, earth or a similar material and
disposing in a secured sanitary landfili.

4 Tetrachioroethylene
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* SPECIAL NOTE
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RESPIRATORY PROTECTION FOR TETRACHLOROETHYLENE

Condition

Minimum Respiratory Protection*®
Hequired Above 100 ppm

Vapor Concentration

500 ppm or iess
cartnidge(s).

Any chemical cartridge respirator with a full facepiece and an organic vapor

A gas mask with a chin-style or a front- or back-mounted organic vapor canister.

Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 500 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
tull tacepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode,
Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Oniy NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Toluene

INTRODUCTIOR

This guideiine is intended as a source of information for
employees, empioyers, physicians, industrial hygienists,
and other occupational health professionals whe may
have z need for such information. It does not attempt to
preseni all data: rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢* Formula: C.H;CH:

* Synonyms: Toluol; phenylmethane; methylbenzene
¢ Appearance and odor: Colorless liquid with an aro-
matic odor. like benzene.

PERMISSIBLE EXPOSURE LIMIT (PEL.)

The current OSHA standard for toluene 1s 200 parts of
toluene per million parts of air (ppm) averaged over an
eight-hour work shift, and during any such work shift,
300 ppm teciuenz may not be exceeded except that a
peak of 300 ppm toluene is permitted for 10 minutes
during the eight-hour work shift. NIOSH has recom-
mended thzt the permissible exposure limit be reduced
to 100 ppm toluene averaged over an eight-hour work
shift with a ceiling level of 200 ppm averaged over a
ten-minute pericd. The NIOSH Criteria Document for
Toluene should be consulted for more detailed informa-
tion.,

HEALTH HAZARD INFORMATION

« Routes of exposure

Toluene car aff=z1 the body if it 1s inhaled, if it comes in
coniact wiin the eyes or skin, or if it is swallowed. it
may enter the body through the skin.

¢ Effects of overexposure )

1. Shori-term Exposure: Toluene may cause irritation of
the eves. respirarory tract, and skin. It may also cause
fatigue. wezkness, confusion, headache, dizziness, and
drowsiness Pecuiar skin sensation may be produced

such as a “pins and needles feeling” or numbness. Very
high concentrations may cause unconsciousness and
death. The liquid splashed in the eve may cause irrita-
tion and temporary damage. Inhalation may also cause
difficulty in seeing in bright light. If liquid toluene is
splashed in the eyes, it will cause temporary irritation.
2. Long-term Exposure: Repeated or prolonged expo-
sure to liquid toluene-may cause drying and cracking of
the skin.

3. Reporting Signs and Symptoms: A physician should be
contacted 1f anyone develops any signs or symptoms
and suspects that they are caused by exposure to
toluene.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who 1s exposed to toluene at
potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the central nervous system, hver and kidnevs
should be stressed. The skin should be examined for
evidence of chronic disorders.

—Urinalysis: Since proper kidney function is neces-
sary for biologic monitoring, a urinalysis should be
obtained to include at a minimum specific gravity,
albumin, giucose, and a microscopic on centrifuged
sediment. The urine should be analyzed for hippuric
acid to obtain a background level,

2. Periodic Medical Examination: The aforementioned
medical exarminations should be repeated on an annual
basis. Hippuric acid level in urine may be an indicator of
the ievel of toluene exposure.

* Summary of toxicology

Toluene vapor causes narcosis. Controlled exposure of
human subjects to 200 ppm for § hours produced mild
fatigue, weakness, confusion, lacrimation, and paresthe-
sia; at 600 ppm for 8 hours there were also euphoriz,
headache, dizziness, dilated pupils and nausea; at 8§00

Thess reczmmencations refiect good industrial hygiene and medical surveiliance practices and tneir impiementaton w
ass:sT - 2Imvev o2 an eftective occupational heaith program. However, they may not be sufficient to achieve comphancs
with all requirements of OSHA regulauons.

U.E DEFARTMENT OF HEALTH AND HUMAN SERVICES
LI mEENT 3E0VICE Centers tor Disease Control
kavonz nstme for Occupational Safety and Health
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ppm for 8 hours, symptoms were more pronounced, and
afier-effects included nervousness, muscular fatigue,
and insomniz persisting for several days. Severe but
reversible liver and kidney injury occurred in a person
vho was a glue-sniffer for 3 years; the chief component
f the inhaled solvent was toluene (809 V/V); other
ingredients were not listed. In workers exposed for
many vears 1o concentrations in the range of 80 to 300
ppm, there was no clinical or Iaboratory evidence of
altered liver function. Toluene exposure does not result
in the hematopoietic effects caused by benzene; the
myelotoxic effects previously attributed to toluene are
judged by more recent investigations to be the result of
concurrent exposure {0 benzene present as a contami-
nant in the commercial toluene used. Most of the
toluene absorbed from inhalation is metabolized to
benzoic acid. conjugated with glycine in the liver to
form hippuric acid, and excreted in the urine; the
average arnount of hippuric acid excreted in the urine
by individuais not exposed to toluene is approximately
0.7 to 1.0 g/1 of urine. The liquid splashed in the eyes of
two workers caused transient corneal damage and con-
junctival irritation; complete recovery occurred within
48 hours. Repeated or prolonged skin contact with
liquid toluene has a defaiting action, causing drying,
fissuring. and dermatitis.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data
1. Molecular weight: 92.1
Boiling point (760 mm Hg): 111 C (231 F)
Specific gravity (water = 1}: 0.86
Vapor density (air = 1 at boiling point of toluene}:

PN

h
—
Foy

. Melting point: —95C (—139F)
Vapor pressure at 20 C (68 F): 22 mm Hg
Solubility in water, g/100 g water at 20 C (68 F):

<
o0 S 1o

Lh

. Evaporation rate (butyl acetate = 1): 2.24
e Reactivity

1. Condit:ons contribuiing to instability: Containers
may burst at elevated temperatures.

2. Incompatibilities: Contact with strong oxidizers

may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors tsuch as carbon dioxide and carben monox-
ide} mav be released in a fire involving toluene.

4. Special precautions: Toluene will attack some
forms of piasucs, rubber. and coatings.
¢ Flammabiiity

i. Flash point: 4 C (40 Fi (closed cup)

2. Autoigniuon temperature: 480 C (896 F)

3. Fiammezbie limits in au, % by volume: Lower:
127, LUpper 7

4, Exungushant: Carpon dioxide, dry chermcal.

osm
* Warning properties
1. Gdor Threshold: The American Natonal Sand-

2 Toivens

ards Institute (ANSI) states that “the odor of toluene is
detectable by most people at concentrzuons in the range
of 10 to 15 ppm. The odor has little value as a warning
property.”

Patty points out that olfactory fatigue occurs rapidly
upon exposure to toluene,

2. Eye Irritation Level: Grant states that “the vapors
of toluene cause noticeable sensaticr of irritation to
human eyes at 300 to 400 ppm in air, but even at 800
ppm irritation is slight.”

ANSI reports that “irritation of evas, mucous mem-
branes, and upper respiratory tract may occur while
workers are exposed to low concentrzuons of toluene,
There is a considerable range of vanation (100 to 500
ppm) between individuals, some finding any concentra-
tion of toluene objectionable. Commercial grades of
toluene vary in irritant properties.”

3. Evaluation of Warning Properties: Because of its
irritant effects, toluene is judged to have good warning
properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determmine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the emploves.

e Ceiling Evaluation

Measurements to determine emploves ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of toluene. Each measurement
should consist of a ten (10) minute sample or series of
consecutive samples totalling ten (10) minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employez). A minimum of
three (3) measurements should be 1zuen on one work
shift and the highest of all measurements taken is an
estimate of the emplovee’s exposure.

¢ Peak Above Ceiling Evaluation

Measurements to determine emplovze peak exposure
should be taken during periods of maximum expected
airborne concentration of toluene. Each measurement
should consist of a 10-minute samris or a series of
consecutive samples totalling 10 minu-es in the employ-
ee’s breathing zone (air that would most nearly repre-
sent that inhaled bv the emploves). A minimum of three
measurements should be tzken or one work shift and
the highest of ali measurements taks= 1s an esumate of
the emplovee’s exposurs

e Method

Samphig ana analyses Muas ™o 7ol T iod Py CuHee o)
OF VAPOrs USHIE 4n Eidb()i"_fﬁii‘a". LoTT D d sUDsegueny
desorption of 1oivene with carbon aisuilide and gas
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chromatographic analysis. Also, detector tubes certified
by NIOSH uncder 42 CFR Part 84 or other direct-
reading devices calibrated to measure toluene may be
used. An analviical method for toluene is in the NJOSH
Manual of Analytical Merhods, 2nd Ed., Vol. 3, 1977,
available from the Government Printing Office. Wash-
ington. D.C. 20402 (GPO No. 817-033-00261-4).

Methods for Set V” (order number PB 262 524)

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

e In addition 1o respirator selection, a complete respira-
tory protection program should be instituted which
includes reguiar training, maintenance, mspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

< Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid toluene.

« Any clothing which becomes wet with liquid toluene
should be removed immediately and not reworn umtil
the toluene is removed from the clothing.

¢ Clothing wet with toluene should be placed in closed
containers for storage until it can be discarded or until
provision is made for the removal of toluene from the
clothing. If the clothing is to be laundered or otherwise
cieaned to remove the toluene. the person performing
the operation should be informed of toluene’s hazardous
properties.

« Emplovees should be provided with and required 1o
use splash-proof safery goggles where liguid toluene
may conaci the eyz:

* Where tnere 15 any possibility that employees™ eves
may be exposed o (oiuene, an eve-wash fountain should
be provided withun the immediate work area for emer-
gency use.
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SANITATION

¢ Skin that becomes wet with liguid toluene should be
promptly washed or showered wita soar or mild deter-

gent and water to remove any tolusns

« Emplovees who handle liquid toivzrz should wash
their hands thoroughly with soap or miiZ detergent and

water before eating or smoking.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in

methods which may be effective in each cass:

Operation

Use as a solventin
pharmaceutical,
chemical, rubber, and
plastics industries; as a
thinner for paints,
lacquer, coatings, and
dyes; as a paint
remover; insecticides

Use as starting material
and intermediate in
organic chemical and
chemical synthesis
industries

Use in manufacture of
antificial leather,; fabric
and paper coatings;
photogravure ink
production; spray
surface coating; as a
diluent (celiulose ester
iacquers)

Use as constituent in
formuiation of
automotive and aviation
fuels

Controls

Process enciosure;
generz G.Jtion
ventizior: local
exhaust ventilation;
personal protective
eqgiuapmen

Process enclosure;
general ceidfion
venuianon: local
exnaust ventiiation;
persona’ Drotective
egunmeT

Process enclosure;
general ciution
vertaso: local
exhaust wentilation;
persona protective
equDmE ™"

Process enclosure;
genera’ © Jhon
vent 2T o locat
exnzUst ventiation;
persanz orotective

eguome

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, insuiute first aid proce-
dures and send for first aid o meaz:cal assistance.

¢« Eve Exposure

If liquid toluene gets 1nto the eves wz:is eyes immedi-
ately with large amounts of wate-
upper Iids occasionally. If irrizzuzz s present after
wasing, get medical attention. CIrialt lenses should

not be worn when working with -7: oozl

e Skin bkxposvre

If hguid toluene geis on the ski™ promiplly wash the
contaminated skin using soap ©r mi.l getergent and

Toluwene &
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ater. If liguid toluene soaks through the clothing,
remove the clothing immediately and wash the skin
wsing soap or mild detergent and water. If irritation
persists after washing, get medical attention.
¢ Breathing
17 2 person breathes'in large amounts of toluene, move
te exposed person to fresh air at once. If breathing has
szopped, perform artificial respiration. Keep the affect-
ec person warm and at rest. Get medical attention as
so0n as possible.
* Swallowing
When toluene has been swaliowed, get medical atten-
won immediately. Do not attempt to make the exposed
person vomit.
* Rescue
Move the affected person from the hazardous exposure.
I the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
szznd the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
amses.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

¢ Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cieanup has been completed.

¢ If toluene is spilled or leaked, the following steps
should be taken:

t. Remove all ignition sources.

Z. Ventilate area of spill or leak.

3. For small quantities, absorb on paper towels. Evapo-
rzie in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
ciear the hood ductwork. Burn the paper in a suitable
kocation away from combustible materials. Large quan-
zues can be reclaimed or collected and atomized in a
suitable combustion chamber. Toluene should not be
aiiowed to enter a confined space, such as a sewer,
because of the possibility of an explosion. Sewers de-
sizned to prechude the formation of explosive concen-
trations of toluene vapors are permitied.

« Waste disposal method:

Toeluene may be disposed of by atomizing in a suitable
combustion chamber.

ADDITIONAL INFORMATION

To find addituonal information on toluene, lock up
1ciuene in the following documents:

® Medical Surveillance for Chemical Hazards

= Kespiratory Protection for Chemical Hazards

« Personal Protection and Sanitauon for Chemical
Fizrards

¢ WIOSH Criteria Document for Toluene (July 1974

4 Iowens

These documents are available through the NIOSH
Drivision of Technical Services, 4676 Columbia Park-
way, Cincinnati, Ohio 45226.
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RESPIRATORY PROTECTION FOR TOLUENE

Condition

Minimum Respiratory Protection®
Required Above 200 ppm

Vapor Concentration

500 ppm or less

Any chemical cariridge respirator with an organic vapor cartridge(s).
Any supplied-air respirator.

Any self-contained breathing apparatus.

1000 ppm or less

A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).

2000 ppm or less

A gas mask with a chin-style or a front- or back-mounted organic vapor canister.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

Greater than 2000 ppm or
entry and escape from
unknown concenirations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors.

Any escape seli-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

(33
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The North Carolina Toxic Substances Management Guide

TRICHLOROETHANES

Executive Summary

CAS NUMBER:
1,1,1-Trichioroetnane CAS NUMBER  00079-00-5
1,1,2-Trichlorzeizane CAS NUMBER  25323-89-1

Mixed isomers

The trichicroethanes are colorless, nonflam-
mable liquids use3 as solvents, chemical interme-
diates, and cozronents of adhesives, lacquers,
and other preodicis. Estimated -U.S. production of
1,1,1-trichlorcethane in 1976 was 316,000 tons.
i,1,2-trichiorcethane is produced 1o smaller
volumes, an estiessted 2,000 tons in 1978. North
Carolina requires the reporting of all spills if
they occur mezr water.

Health Effects

ACUTE. i 1,i-Trichloroethane is an anesthe-
tic and is capabie of causing death when inhaled
al concentratisaos in excess of 14,000-15,000 ppm.
Hepatic effects include liver function abnormal-
ities and celiuiar damage. Cardiovascular ef-
fects are reported, including drop in blood
pressure, decreesed heart rate, cardiac arrhyth-
mias, and bleod clotting changes. Skin contact
causes redness and scaling but the skin is not
believed te be a significant exposure route.

1,1,2-Trichioroethane, on the other hand, is
reported to be readily absorbed through the skin.
Its toxicologicz: properties are believed to
resemble those ¢i symmetric tetrachloroethane and
chleoroform. Lonrentrations on the order of
13,600 ppm produre deep narcosis and death during
a two ~hour exzposure.  Narcotic concentrations
result im irritation of the eyes and nose.

CARCIKOGENIZITY. There is limited evidence
that 1,1,2-trichloroethane is carcinogenic in
mice. NKNIOSH recommends that it would be prudent
to handle the compound in the workplace as if it
were a human carcinogen. The available data are
insufficient ¢ permit an evaluation of the
carcinogenicity ¢f 1,1,1-trichlorcethane.

MUTAGEN] . 1,1,1-Trichlorcethane  was
gznic in Salmonella typhimurium
cethane was not.

TERATOGE t & EMBRYOTOXICITY. 1,1,1-Tri-
chloroethane not produce teratogenic effects
in rats or mice exposed 7 hours per day to 875
ppm during the period of organogenesis.

CHRONIZ. I: diabetic individuals, trichlor-
coethanes mav cause a significant increase in SGPT
activity {17-I:.: incresse in diabetic rats),

1,1,2~triccicroethane is readilv absorbed
through the irniz:t skin.

but 1,1,2-tr1c

Occupational
The

vonference  of Governmental
Industrial A .sts has established a Threshold
Limit Vaius weighted average concentration
under which -1 1t pelieved that all workers may
be repeatediv sed day atter day without
adverse efl 350 ppm (1.9 mg/cu m) ior the
1.1, 1-1somer. 16 ppm C.045 gm/icu mi for the
1 Short Term  Lxposure Limat

e

1,1 2=-1some Lo
(maximum CcoSisniziiion to which workers mav be
exposed for : “ooup to 1 minutes; 1s 450 ppm
{2.5 gmicu m, v the 1,1,1-isomer, and 20 ppm
(.09 gm/cu m' Z:v the 1,1,2-isomer.

e

Reutes of Human Exposure

OCCUPATIONAL. TIn 1974, the uses ¢ 1.1,1-
trichloroethane in the U.5. were the fc_loving:
cold cleaning of metals, 37 perceni: vevor de-
greasing, 34 percent; chemical intermed:ate for
vinylidene chloride, 23 percent; and other appli-
cations, 6 percent.

The Natiomal Occupational Hezlth Survev
(1974) indicated that workers primarily exposed
to 1,1,2-trichloroethane were those in the blast
furnace and steel mill, telephone commuricatiocn,
engineering and scientific instrument manafactur-
ing industries.

AMBIENT., Rural air concentrations ci 1,1,1-
trichloroethane have been reperted rangizg up to
0.45 ppb (2.5 mg/cu m). Urban leveis as high as
14 ppd (76 mg/cu m} have been observed during an
inversion. The 1,1,1-isomer has beern identified
in air samples from manv locations {data were not
reported for the 1,1,2-1isomer).

Bott 1,1,i- and 1,1,2-trichlorcethzne have
been detected in raw water and finished Zrinking
water at levels ranging from 0.1 - 8.3 mz/l.
1,1,1-Trichloroethane was detected inp drinking
water samples from Durham, North Carclimz. but nc
concentrations were reported.

The 1,1,1-isomer has been detected in soil
and sediment samples taken near trichlercathviene
plants at levels as high as 100 pph [100 ugikg;
Several marine organisms have been founc to have
small concentrations of
the same isomer (usually reported toget-er with
carbon tetrachioride). Neither isomer :s known
to occur as a natural product.

CONSUMER. 1,1,1-Trichloroethane Lzs besn
detected in many food products imciuding meat,
oils, fats, tea, fruits, and vegetables z1 levels
ranging from 1-10 mg/kg. It is used inm aercscl
and other consumer products, such as imsecticides
and spot cleaners.

Both 1,1,}1- and 1,l,2-trichlorcetrzne were
approved by the U.5. Food and Drug Admin-stration
as constituents of adhesives wusec zc cerponsnts
of food packaging or containers.

Environmental Significance

Estimated atmespheric residence
reported as 970 days for 1,1,1-tr
and 3 years as an upper limit for |
oethane. Estimated half-life in
minutes for the 1,1,l-iscmer and i
the 1,1,z-isomer

Freshwater data indicate that acu:
occurs at concentrations as low as ¢
two trichioroethanes; chronic toxi
concentrations as low as 9.4 g/1.
to saltwater fish and invertebrate st
at concentrations as low as 51.2 & . f:0 1.0.]
trichioroethane.

A concentration Iactor of 4 was
the 1,1.1-1somer in the bluepill,
tion fTactor of 1]1.3 was calculsz o
1SCGmeT edom LA oCLans!iwiler
coefizca




Toxicity to algae was observed for 1,1,2-
trichloroethane at concentrations as low as 443
mg/l. The aquatic toxicity rating is 10-100 (TLm
96) for both isomers.

Recommended Reviews
Chemical Hazard Information Profile, U.s.
Environmentzl Protection Agency, EFA-560/11-80-
011 (1980). :
Ambient Water Quality Criteria for Chlori-
nated Ethanes, U.5. Environmental Protection

Agency, EPAJA40-5-80-029 (1980).
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FIRST AID AND EMERGENCY RESPONSE INFORMATION

TRICHLOROETHANES

First Aid {(NIOSH/OSHA Pocket Guide to Chemical
Hazards)

Eves: Wash with large amounts of
water immediately.  CONTACT
LENSES SHOULD NOT BE WORN
WHEN WORKING TRICHLORGETHANE.
Skin: Wash the contaminated skin
promptly with scap or mild
detergent and water. Remove
clothing if contaminated and
wash skin.

Move to fresh air at once.
Perform artificial respira-
tion if necessary. Seek
immediate medical attention.

Inhalation:

Ingestion: induce vomiting by finger or
by giving syrup of ipecac.

Seek medical attention.

Procedures for Spills and Leaks (U.S. DOT Emerg-
ency Response Guidebook, 1980)

isolate hazard are and deny entry. Stay
upwind and keep out of low areas. Wear positive
pressure breathing apparatus and special protec-
tive clothing. Do not touch spilled material.
Stop leak if it can be done without risk. Use
water spray Lo reduce vapors.

SMALL SPILLS: Take up with sand, or
other noncombustible
absorbent material, then
flush area with water.
SMALL DRY SPILLS: Shovel into dry coatain-
ers and cover, move
containers, then flush
area with water.

LARGE SPILLS: Dike far ahead of spill
for later dispesal.

Fire and Explosion Information

GENERAL: Non-flammable

Reactivity

MATERIALS TU AVOID: Reacts violently with
acetone, nitrites, oxygen, sodium and sodium
hvdroxide. Corrosive Lo aluminum.

CONDITICONS TO AVOID: Hot metals or ultra-
vielet radiation will decompose 1,1,2-trichloroe-
thane to form irritating and poisonous gases.

Protective Measures

HANDLING ANL STORAGE: Store in a ool
dark, dry place. Du not store in aluminum con-
tainers.

ENGINEERING  CONTROLS: Provide adeacatr

ventilation. Sinxs, showers and eyewash statione
should be readily available.

PROTECTIVE CLOTHING (Should not be substi-
tuted for proper handling and engineering con-
trols): Gloves and apron of polyvinyl alcohol,
ceoprene (Do not use natural rubber) or leather,
and splash procf goggles should be worn if con-
tact with trichloroethane is likely.

PROTECTIVE EQUIPMENT: For exposure up to
500 ppm use a supplied-air, or self-contained
breathing apparatus with face shield. Tor escape
from & contaminated area use a gas mask with
organic vapor canister, or self-contzined breath-
ing apparatus.

—iTe-



r_zhlcoroethanes

: Q00071-55-6
The Norih Carolina Toxic Substances Management Guide
TRICHLOROETHANES
Frofile
CHEMICAL IDENTIFICATION Registry of Toxic Effects of {nzzi::l Substances
(RTECS) Number: KJ 315000
Alternative Names:
Hazardous Materials Table ldezz-<:-:tizn
Aerothene 11 Number: Not listed.
Chleroethene
Chlereform, Methvi- RCRA Identification Number: °U 217
Chlorten
Ethare, 1,1,1-trichloro- Molecular Weight:  133.42
Methv! chloroform
Solvert 111 Molecular Formula: C2H3C}:
Alpha-trichloroethane -
Structure: H 0
Chemical Abstract Services (CAS) Registry ’ -
Number: 06071-55-6 H C € i
Registry of Toxic Effects of Chemical Substances i ¢
(RTECS) Xumber: KJ 2975000
Classification: Chlorinare: =zl-:zhzuic hydro-
Hazardous Materials Table Identification carborn
Number: Uh 2831
Description: A colorless, nozi.zmmable liguid
RCRA Identification Number: U226 with a pleasant ci:-
Holecular Weight: 133.42 Uses: As a solvent and cherm:c:  intermediate
Molecular Formula: C2H3CI3 Chemical /Phvsical _z7:
Structure; Boiling point: 113.8°C
el E Melting point: -36.5°C ) o
' i Vapor pressure: 19 mm Hg 2t 207°2; 31 mm at 30°C,
H—¢C —C (1 40 mm at 357C
ﬁ él Vapor density: 4 (Air = 1.( R
Solubility in water: 4,500 mg . z: 127C
Specific gravity: 1.44
Classification: Chlorinated aliphatic hydro-
carboen HUMAN TOxICITT
Descriptien: A colorless, nonflammable liquid 1,1,}-Trichloroethane may 2IZ::t a variety
of humarn organs or systems inc: hematologic,
Uses: As a solvent and chemical intermediate cardiovascular, gastrointestic ztic biliary,

Chemical/Physical Data

Boiling point: 74.1°¢C

Melting point: -32.6°C

\apor pressure: 100 mm Hg at 20°C; 155 mm at
30%¢

Vapor densitv: 4.63 {(Air = 1.0)
Solubility in water: 4,400 mg/l at 20°C
Specific gravity: 1.34

Kame: 1,}.2-Trichlorcethane

Alternatives Kames:

Eihans trichloride
Begez-_

Beta-trichloroethane
,4,2-Trichlorethane

Vinvitrichloride

{nem:cal Alstract Services {CA5) Kegistny
Kumner: 00079-00-5

neurclogic, dermatologic. ¢

others.

ciogic,  and

Specific adverse meL: cal effects
include central nervous svstern ssi0m, inco-
ordination, inebriatiom, &z dizziness,
unconsciousness, generalizec s, sleepi-
ness, mental confusion and oti:z: cts. Hepa-
tic effects include liver fur onormalities
and cellular damage. Cargiov tfects such
as drop 1in blood pressure, e in heart
rate, ané cardiac arrhyviemo:z: :-=  reported.
Blood clatting changes are -:ted (NIOSE,
16785, '

Adverse i,1,2-1isomer

human effec'i oloio:
are not reported {NIOSH, 1I7:

While Comparatlv81§ low 2o =1¢ texicity,
1,1,1-trichloroethane 1s zn == ic and is
capable ot c¢ausing death wheo -
trations 1n excess of 14,G05-1%
ning apesthetic effects o

© at concen-
. 7pm. Begin-
: atration:

approaching 500 por It s revos at Vreps-
L1live Vapoer €xposure Lo.. . 00, I aduces ¢
untoward SUDJECTive oF R eltis v
sponse..." (ACGIH, 198C;

et



Trichloroethanes
00071-55-6

Name :
CAS Numher:

Skin contact with the 1,1,l-isomer causes
redness and scaling. Although absorption through
the skin can occur, this is not believed to be a
significant exposure route (ACGIH, 1980). The
1,1,2-1somer is reported to be readily absorbed
through the skin (U.S. EPA, CHIP, 1980).

The 1,1,2-isemer is believed to resemble
symmeiric tetrachloroethane and chloroform in its
toxicological properties (ACGIH, 1980).

The maximum level at which one could escape
within 30 minutes without any escape-impasiring
symptoms or irreversible effects is suggested to
be 5?0 ppm for 1,1,2-trichloroethane (NIOSH/OSEA,
1978).

Carcinogenicity

The U.5. EPA Carcinogen Assessment
Group (CAG) has determined 1,1,2-
trichlorcethane is carcinogenic in
animals and therefore poses a risk
to man. Water Quality Criteria
for the },1,2-isomer are based on
incremental increase of cancer
with increasing exposures, assum-
ing nonthreshoid behavior.

U.S5. EPA,
WQC 1980

IARC, 1979 The available data do not permit
an evaluation of the carcine-
genicity of 1,1,1-trichloroethane
to be made. There is limited
evidence that 1,1,2-trichloroe-
thane 1is carcinogenic in mice.
NIOSH, 1978 NIOSH recommends that it would be

prudent to handle 1,1,2-trichloroe-
thane in the workplace as if it

were a human carcinogen. This

recommendation is based primarily

on National -Cancer Institute {NCI)

data indicating that laboratory

animals administered the compound

experienced a statistically signi-

ficant excess of cancer as com-

pared to control animals.

0SHa, 1980 1,1,2-Trichloroethane was found to
be carcinegenic in male and female
mice at two dose levels (390 and
190 mg/kg-day, 5 days/week for up
to 78 weeks).

Mutagemicity

1,1,1-Trichloroethane is mutagenic
in  Sazimonella typhimurium: but
1,1,2~trichloroethane was not.

TARC, 1979

Teratogenicity & Embryoteoxicity

1,1,1-Trichloroethane did not produce tera-
togenic effects in rats or mice exposed
per day to B75 ppm during the period oi
genesis (ACGIH, 1980;.

aoures

Lrgang-

ANIMAL TOXICITY

411 of the chiorcethane compounds are known
to cause gectral nervous system depression,
usually exp-essed as abnormal weakness, intoxica-
tion, resti=ssness, irregular respiration, muscle
incoordinatzsn. and unconsciousness. Chloroe-
thanes are zrritating to the eyes and skin (NIOSH,
1578;.

The 1,:.1-isomer has been studied extensive-
ly ir severzl species. Less data are available
for the 1.:,2-isomer. Reported effects differ
for tize twc isomers.

Acute Toxicity

Results of lethal studies in several species as
reported ic the RTECS, 1980 are listed below:

Lethal Dose or Lethal

Route Soe=cies Concentration
1,1,1-
Oral I3 10.3 gm/kg, LDSC
Houge 11.2 gm/kg, LD50
Lo gz .75 gm/kg, LD50O
Rkznbit 5.6 gm/kg, LD5C
Goinea pig 9.4 gm/kg, LD50
1,1,:z- Rzt 1.1 gm/kg, LDS0
Lot .5 gm/kg, Lowest lethal
dose
1,1,:-
Inhalz- Fz:: 1,000 ppm (5.4 gm/cu m)
tion for 24 hours, lowest
LC
1,1,2- Eit 500 ppm (2.7 gm/cu m)
for 8 hours, lowest L{
Cit 2,426 ppm (13 gm/cu m)

for 4.5 hours, lowest

i

Chronic Toxicity

Liver znd kidney imjury have resulted in
dogs anéd guireaz pigs exposed to 1,1,2-trichloroe-
thane (KIGZZ, 1678},

Aquatic Toxicity

rating: Tlm 96 is 10-100
and 1,1,2-trichlorcethanc

texicity
1,1, 1-

for th:
below:

Criteria

L 2. Water Qualiuy
: are plven

aguatic life
izz  available freshwater data for
cziorzzztei ethanes indicate that toxicity
£ greatly with increasing chlorina-
Lhst acule tLoxicity oCCurs
one as low mzoi for tw
crzetnanes. Chronic toxicity occurs at
cencecirations as low as 9.4 mg/l for 1,1.2Z-

as ik



trichloroethane. Acute and chronic texicity
would occur at lower cencentrations among
species that are more sensitive than those
tested.

The available saltwater data for chler-
inated ethanes indicate that toxicity in-
creases greatly with increasing chiorination
and that acute toxicity te fish and inverte-
brate species occurs at concentrations as
low as 31 mg/l for 1,i1,i-trichloroethane.
Acute and chronic toxicity would occur at
lower concentrations among species that are
more sensitive than those tested.

Bicaccumulation: A concentration factor of
9 was observed for the 1,1,1-isomer in the blue-
gill expeosed, and a concentration facter of 11.5
was calculated for the 1,1,2-isomer based on the
octancl/water partition coefficient (U.S. EP4,
WO, 1980).

Biodegradation in aguatic species: No data
are available.

Phytotoxicity

Toxicity to algae was observed for 1,1,1-
trichlorcethane at concentrations as low as 443
mg/1 (U.S. EPA, WOQC, 19803.

ENVIRONMENTAL DATA

Air

Rural levels of 1,1,l1-trichloroethane have been
reported ranging from below the detection limit
to 0.45 ppb (2.5 ug/cu m). Urban levels as high
as 14 ppm (76 ug/cu m) have been observed during
an inversion (Lilliam, 1975; Lillian, 1976; U.S.
EPA, ETS, 1977). The 1,1,l1-isomer has been
identified in air samples from many locations,
data are not reported for the 1,1,2-isomer (IARC,
1979},

The 1,1,2-isomer has an estimated atmospheric
residence time of 3 vyears {as an upper limit)
(Callahan, 1979). The 1,1,l1-isomer has an esti-
mated atmospheric residence time of 970 days
(Cupitt, 1980) and an estimated oxidative half-
life in air of 1.1 - § years (Callahan, 1979).
The high volatilitv of these substances results
in substantial atmospheric leoading, but degrada-
tion 1s rapid. Release rales and accumulation are
lower than for other chlorinated compcunds such
as telrachioroethvlene.

Water -

Both 1,1,1- and 1,1,2-trichloroethane have beer
detected in raw water and municipal drimking
water at levels ranging from 0.1 - 8.5 ug/i
(LARC, 167%). 1,1,1.-Trichioroethane was detected
in  drinking water sampies from Durham, Korth
larciine bul no concentrations were reported
(Shacketiord, 1877,

Name: Trichloroethancs
CAS Number: 00071-55-¢

The 1,3,1-isomer has an estimated half-life in
water of 17-23 minutes (Verschueren, 1977) based
on evaporation, and degrades wvia hvdrolvsis
(experimental half-life of 6 months; Callahan,
1979). The 1,1,2-isomer has similar properties.
Although somewhat resistant to bvdrolysis and
oxidation, rapid volatilization to the almosphere
is expected. Low levels may be gquite stable and
widely dispersed in this medium.

Soil

Timited data suggest some preferential adorption
ontc crganic sediments (Callahan, 1979). Volati-
lization is probably more important as a removal
process than degradation. Some accumulation can
be expected.

Biota

There is no evidence to suggest significant
bioaccumulation in this medium. There it some
evidence for resistance to microbial degradation
(Callahan, 1979 and U.S. EPA, WQC, 1980}, but mno
magnification is expected.

1,1,1-irichlorovethane has been detected in many
food products, including meat, oils, fats, tea,
fruits, and vegetables at levels ranging from
1010 ug/kg (IARC, 1979j. It has also been detec-
ted 1in soil and sediment samples taken near
trichlercethylene plants at levels as high as 100
ppb (199 ug/kg) (U.S. EPA, 0TS, 1877). Several
marine organisms have been found to have small
concentrations of the 1,1,1-igsomer (usually
reported together with carbon tetrachloride).
Keither isomer 1is known to occur as a natural
product (IARC, 1979).

INDUSTRIAL DATA
Production

Ne production in North Carolina was reported
in the Toxic Substances Control Act (TSCA) Chem-
ical Substances Inventory {U.S. EPA, TSCA, 1980).

The estimated U.S. productiocn for the 1,1,1-
isemer in 1976 was 316,000 tons (IARC, 1979).
The estimated L.5. production for the I,i,2-iso-
mer 1r 1978 was 2,000 toms (U.S5. EPA. CHIF,
1980},

Consumption and Use
(Quantitative consumption pattern dala are avail-

abie for 1,1,i-trichlorcethane onlv. These dats
are given below:

Cold cieaning ¢l metal 37 percent
Vapor agegreasif: 34 percent

intermediate for vipyviidin:
ot 23 operear

CODETOAL

~27%-

f)'\\



Nareor Trichloroethanes
CAS mumber:  00071-55-6

Reported wuses of trichlorcethanes and their handiimg -I 1,1,2-trichloroethane as if
corresponding $1C codes are listed below: it wers : buman carcinogen. Exposure

sheuld b: limited to as few emplovees
1,1,1-Trichloroethane as pess:Z_£ while minimizing workplace
exposure levels with engineering and
Cold cleaning solvent for electric work rracTice controls.
motors, generators, electronic
apparatus 35 OHSA The Gecipational Safety and  Health
High purity cleaning of missile Admiristrzticn's (OSHA) standard for
parts, semiconductors, and high workroom eir is 350 ppm (1.9 gm/fcu m)
vacuum equipment 376, 3674, 36 for 1.i. -trichloroethane and 10 ppn
Vapor degreasing - for 1.i.IZ-trichloroethane as sz time-
In adhesives and as a resin solvent 2891, 282 weighted =zverage.
Lubricant carrier -
Coolant for drilling and tapping Water
stainless steel 34 Addressed by Am-ie-t Water Quality Criteria set
Solvent for drzin cleaners, shoe by the U.S. Envirommental Protection Agency.
polishes, spot remover, insecti- 2869, 721,
cides, and printing inks 2879, 2893 Designated a toxic zollutant by the U.S. Environ-
(IARC, 1979) mental Protectisn Agpency.
1,1,2-Trichloroethane Designated a Lazardeus substance bv the U.S.

Environmental Prot=:tion Agency.
Chemical intermediate for production

of vinylidene chloride (use reportedly Other

terminated in 1978) . 2869 Regulated as & hzcardous material by the L.S.
Solvent for fats, waxes, and natural Departmnet of Trac::crration.

resins 28 '
Production of Teflon tubing 282 Regulated as a naz:zrdcus waste under the Hazard-
In adhesives, lacquers, and coatiag ous Waste Managemez: Svstem by the U.5. Environ-

formulations 2841, 285 mental Protectios Arency.

(U.5. EPA, CHIP, 19B0)
Agencies Co-cerped with this Chemical

Manufacture of 1,1,-dichloroethane 2869

{U.S. EPA, WQC, 1980) Chemical Hazard I-Zormation Profile (CHIP) com-
piled by the Offr = of Testing and Evaluation,

RESEARCH AND REGULATORY DATA U.5. Environmental -rotection Agency.
Existing Guidelines and Standards Designated a cand:Zzte substance by the Occupe-

tional Safety ani F:zlth Administraticr.

Ambient Air

Under evaluation for possible designation as a Subject of a mencz-zpr prepared by tie lnterna-

Hazardous Air Pollutant by the U.S. Environmental tienal Agencv Zr kesearch on Cancer (TARC) .
Protection Agency.

Subject of a kizr iszsessment (1,1,2-trichlorce-

Workroom Air thane) preparec T> _.5. EPA's Carcincgen Assess-
h ment Group (CAG r:- tne Office of Water Planning
ACGIH The Threshold Limit Value {TLV) estab- and Standards.

lished by the American Conferesce of

Governmental Industrial Hygienists Appears on the fri:r:ty List of the Interagency

(ACGTH) for workroem air is 350 ppm Testing Committes 171,

(1.9 gm/cu m) as a time-weighted aver-

age for 1,1,1-trichloroethane. The Subject to a priz:-:si rule by the U.S. Environ-

recommended Short Term Exposure Limit mental Protect:i:z v (EPA) under the Toxic

(STEL} for the 1,1,l-isomer is 430 ppm Substances Conirz:. Section &4{a] that woulé

(2.5 gm/cu m). The time-weighted require manuia: Ti and Processors 1o test the

average for the 1,1,2-iscmer is 10 ppm chemical accor: t: standards EPA hzd adopted.

(0.45 gm/cu m} and the STEL is 20 ppm Proposed testir

I.uizs: structural teralopen-
ates--acure  an?  chrong.

brates-chirons: toxicity:

(.09 gm/cu m). icity; aqust
toxicity, aqu

N1GsE The Katicnal Institute of Occupational birds--chronzc - . terrestriz. oplanii--
Safety and Health (NIOSH) recommend: a early seedling ;o -; seed germinslisn.  roat
standard of 350 ppm (1.9 gm/icu m; as a elongation; bios - -s- Llon--plant uptske/lraen:
ceiling limit for 1,1,1-trichloroe- location; and si.. z:zzzrptzen (U.5. Erz, Fede
thane. NICSH has recommended the Register, Vol. =, »-. 108, June 5, 1447




Subject to a proposed rule under the Toxic Sub-
stances Contrel Act that would require all chem-
ical manufacturers te report production and
exposurerelated data to the U.S. environmental
Protection Agency (Federal Register, Vol. 45, No.
42, 1980;.

Addressed by a development plan prepared by the
Interagency Regulatory Liaison Group (IRLG)

Under toxicological evaluation through the Na-
tional Toxicelogy Program to determine carcino-
genicity of 1,1,I-trichloroethane. Testing of
rats and mice by gavage is in testing phase (FY
1980) (National Toxicology Program, Fiscal Year
1981 Annuwal Plan, NTP-80-62, 1980).

Approved (both isomers) by the U.S. Food and Drug
Administration as a constitment of adhesives used
as component of articles intended for use 1in
packaging, transporting, or holding food,
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Chemical Fact Sheet* Version 2 - June 1984

TRICHLOROETHYLENE

b~ information in this sheet applies to workplace exposure resulting from processing,
sfacturing, storing or handling and is not designed for the poputation at targe. Any

generalization beyond occupational exposures should not be made.: The best industrial hygiene

practice is to maintain concentrations of all chemicals at levels as low as is practical.

Chemical Names: Trichloroethylene, trichloroethene, ethylene trichloride; CAS 79-01-6.

Trade Names: A]gy1en,’3enzino1, Chlorilen, Fieck-flip, Triclene, Tric, TCE and others.
Uses: The liquid is used as a degreaser and as a solvent in dry cleaning operations.

PHYSICAL INFORMATION

Appearance: Clear, colorless liquid.

Odor: Strong, sweet. Minimum Detectable by Odor: 25 ppm.

Evaporation: Liquid evaporates slowly.

Behavior in Water: Does not mix, sinks.

HEALTH HAZARD INFORMATION

0SHA Standard: Average 8 hour exposure limit -- 100 ppm.

NIOSH Recommended Limit: Average 10 hour day/40 hour week -- 100 ppm.

ACGIH Recommended Limit: Average 8 hour exposure limit -- 50 ppm.

Short Term Exposure:

Inhalation: Headache, sleepiness, nausea, vomiting, dizziness and coughing have been felt
around 100 ppm. Unconsciousness can result at 3,000 ppm. Exposure to 8,000 ppm can cause
death.

Skin: Can be absorbed through skin. May cause irritation, burning or redness.

Eyes: May cause irritation, burning or watering.

Ingestion: Can cause drunkenness, vomiting, diarrhea or abdominal pain. Unconsciousness,
Tiver or kidney damage, vision distortion and death have been reported at large doses.

Long Term Exposure:.

Contact with vapor Tevels near 100 ppm can cause yiddiness, nervous exhaustion, increased
sensitivity to alcohol including redness in the face (trichlorethylene blush), the ability
to become addicted to the vapor, as well as effects of acute exposure listed above.
Higher levels can alter one's heart rate. Repeated contact with hands cam cause excessive
dryness, cracking, burning, loss of sense of touch or temporary paralysis of fingers.
Most of these effects seem to go away after exposure has stopped.

Trichloroethylene is considered a cancer suspect agent because high levels cause liver
cancer in mice. Whether it causes cancer in humans is unknown.

*Prepared by the Bureau of Toxic Substance Assessment, New York State Department of Health.
For an explanation of the terms and abbreviations used, see "Toxic Substances: How Toxic .is
Toxic" available from the New York State Department of Health.



Trichloroethylene

EMERGENCY AND FIRST AID INSTRUCTIONS

Inhalation: Get victim to fresh air. Give aritificial respiration or oxygen, if necessary.
Teep victim warm and at rest. Seek medical attention, if necessary. (

Skin: Take off clothing soaked with 1iquid. Flush skin with plenty of water.
Eyes: Flush eyes with water for 15 minutes. Seek medical attention, if necessary.
Ingestion: Seek medical attention. Do not induce vomiting.

Note to Physician: Expired air analysis and urinary metabolites have been used to monitor
exposure.

FIRE AND EXPLOSION INFORMATION

General: HNot flammable or explosive at room temperatures. Ignites at 7700F (4100C),
moderately flammable at high temperatures,

Explosive Limits: Upper - 41%, lower - 11%.

Extinguisher: Carbon Dioxide, dry chemical or foam.

REACTIVITY

Materials to Avoid: Contact with strong alkalies can form highly poisonous and explosive
products.

Conditions to Avoid: Contact with certain hot metals (e.g., aluminum and magnesium), open
fiames or ultraviolet radiation can form poisonous or explosive products.

PROTECTIVE MEASURES

Storage and Handling: Store in sealed steel or plastic cans or dark glass bottles.

Engineering Controls: Use in well ventilated areas with no cross drafts. Sinks and showers
should be availabie.

Protective Clothiny (Should not be substituted for proper handliing and engineering
controls): If direct contact is l1ikely, wear coveralls, polyvinyl boots and gloves, and
goggles or a faceshield.

Protective Equipment: For up to 500 ppm use a chemical cartridge respirator with organic
vapor cartridges, a supplied-air respirator or a self-contained breathing apparatus. Up
to 1000 ppm use the above with a full facepiece or a gas mask with an organic vapor
canister. For escape from a contaminated area use a gas mask with an organic vapor
canister or a self-contained breathing apparatus.

Miscellaneous: Wash any liquid-soaked ciothing before reuse. No food or smoking near Tiquid
or vapor.

PROCEDURES FOR SPILLS AND LEAKS

¢ ° all workers out of the spill area. Put on a respirator and other protective clothing.
Spead sand or other absorbent material over liquid to absorb it. Shovel into buckets, tar-
to a safe place in the open air. Wash area of spill with soap and water. For final dispoi\

contact your regional office of the New York State Department of Environmental Conservation,

For more information: Contact the Industrial Hygienist or Safety Officer at your worksite or
the New York State Department of Health, Bureau of Toxic Substance Assessment, Empire State
Plaza, Corning Tower, Albany, New York 12237.



/ﬂ-

Occupational Health Guideline for
Xylene

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: Cqu(CH:)e

* Synonyms: Commercial xylene (xylol) is a mixture,
mostly the meta-isomer. 1) G-xylene, ortho-xylene, 1,2-
dimethylbenzene; 2) m-xylene, meta-xylene, 1,3-dimeth-
ylbenzene; 3) p-xylene, para-xylene, 1,4-dimethylben-
zene

* Appearance and odor: Colorless liquids with aroma-
tic odors (pure p-xylene is a solid below 12.7 C (55 F)).

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for xylene is 100 parts of
xylene per million parts of air (ppm) averaged over an
eight-hour work shift. This may also be expressed as 435
milligrams of xylene per cubic meter of air (mg/m?).
NIOSH has recommended that the permissible expo-
sure limit be changed to 100 ppm averaged over a work
shift of up to ten hours per day, forty hours per week,
with an acceptable ceiling level of 200 ppm averaged
over a 10-minute period. The NIOSH Criteria Docu-
ment for Xyiene should be consulted for more detailed
information.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Xvlene can affect the bedy if it is inhaled. if it comes in
contact with the eves or skin. or if it is swallowed. It
may enter the body through the skin.

* Effects of overexposure

1. Short-term Exposure: Xylene vapor may cause irms:-
tion of the eyes, nose, and throat. At high concentrz-
tions, xylene vapor may cause severe breathing diffice -
ties which may be delayed in onset, At high concentrz-
tions, it may also cause dizziness, staggering, drowsi-
ness, and unconsciousness. In addition, breathing hizh
concentrations may cause loss of appetite, nausez, vor:-
iting, and abdominal pain. Liquid xylene may be irritz:-
ing to the eyes and skin. Exposure to high concentrz-
tions of xylene vapor may cause reversible damage 10
the kidneys and liver.

2. Long-term Exposure: Repeated or prolonged expo-
sure to Xxylene may cause a skin rash. Repeated exposurs
of the eyes to high concentrations of xylene vapor mav
cause reversible eye damage.

3. Reporting Signs and Symptoms: A physician should &=
contacted if anyone develops any signs or symptorms
and suspects that they are caused by exposure to xvlen=.
¢ Recommended medical surveiliance

The following medical procedures should be mals
available to each employee who is exposed to xylene at
potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: Tne
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and o
establish a baseline for future health monitoring. Exam-
nation of the central nervous system, eyes, gastrointes::-
nal tract, blood, liver, and kidneys should be stresszz
The skin should be examined for evidence of chroz.:
disorders. \

—--A complete blood count: Xylene has been show =
to cause reversibie hematopoietic depression in animsz <,
A complete biood count should be performed. inclvz-
ing a red cell count, a white cell count, a differentiz!
count of a stained smear, as well as hemoglobin ar?
hematocrit.

—Liver function tests: Since liver damage has bsz:
observed in humans exposed 1o xylene, a profile of hvz-

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementatior. v
assist In achieving an effective occupancnal health program. However, they may not be sufiicient to achieve compiz=o:
witr gl requirements of OSHA regulations

U.S. DEPARTMENT OF HEALTH AND HUMAKR SERVICES
Public Health Service Centers for Disease Contro!
Nationa! insttule for Cocupatvnal Satety ane Healih
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function should be obtained by wsing a medically ac-
ceptable array of biochemical tests.

—~Urinalysis: Since kidney damage has been observed
in humans exposed to xylene, a urinalysis should be
obtained to include at a minimum specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on a biannual
basis.

« Summary of toxicelogy

Xylene vapor irritates the eyes. mucous membranes,
and skin; at high concentrations it causes narcosis. In
animals, xylene causes blood changes refiecting mild
toxicity to the hematopoietic system. Repeated expo-
sure of rabbits to 1150 ppm of 2 mixture of isomers of
xylene for 40 to 55 days caused a reversible decrease in
red and white cell count and an increase in thrombo-
cytes; exposure to 690 ppm for the same time period
caused only a slight decrease in the white cell count.
Three painters working in 2 confined space of a fuel
tank were overcome by xylene vapors estimated to be
10,000 ppm; they were not found until 18.5 hours after
entering the tank, and one died from pulmonary edema
shortly thereafter; the other two recovered completely
in 2 days; both had temporary hepatic impairment
(inferred from elevated serum transaminase levels) and
one of them had evidence of temporary renal impair-
ment {(increased blood urea and reduced creatinine
clearance). In humans, exposure to undetermined but
high concentrations caused dizziness, excitement,
drowsiness, incocrdination and a staggering gait. Work-
ers exposed to concentrations above 200 ppm complain
of anorexia, nausea, vomiting, and abdominal pain. Brief
exposure of humans to 200 ppm caused irritation of the
eyes, nose, and throat. There are reports of reversible
corneal vacuolation in workers exposed to xylene, or to
xylene plus other volatile solvenis. The liquid is a skin
irritant and causes erythema, dryness, and defatting;
prolonged contact may cause the formation of vesicles,

CHEMICAL AND PHYSICAL PROPERTIES

Pata in the following section are presented for xylene’s
three isomers: 1) ortho, 2) meta, and 3) para.
* Physical data

1. Molecular weight: 106.2

2. Boiling point (760 mm Hg): 1) 144.4 C (292 F); 2)
1389 C(282F); 3) 138.3C (281 F»

3. Specific gravity (water = 1) 1) 0.88: 2) 0.86; 3)
0.86

4. Vapor density {air = | at boiling point of xyiene:
i3

5. Melting point: 1) =25 C{—12F); 2) —48 C{—54
FryH13C(55F)

6. Vapor pressure at 20 C (65 F): 1) 7 mm Hg: 21 9
am Hg; 3)9mm Hg

7. Solubility i water, g/ 100 g water at 20 C (68 F .
13 0.00003; 2 0.00003; 3} 0.00003

2 Aylene

8. Evaporation rate (butyl acetate = 1): 130.7; 2) 0.7;
107
¢ Reactivity

1. Conditions contributing to instability: Elevated
temperatures may cause containers to burst,

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions.

3. Hazardous decomposiiion products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a fire involving xvlene.

4. Special precautions: Xylene will attack some
forms of plastics, rubber, and coatings.
¢ Flammability

1. Flash point: 1) 32 C (90 F) (closed cup); 2) 28.9 C
(B4F)%;3)272C(8I1F)

2. Autoignition temperature: 1) 465 C (869 F); 2) 530
C(986F); 1) 530 C (986 F)

3. Flammable limits in air, % by volume: Lower: 1)
1.0,2) L.}; 3) 1.1; Upper: 1) 6.0; 2) 7.0, 3) 7.0

4. Extinguishant: Foam, carbon dioxide, dry chemi-
cal
¢ Warning properties

1. Oder Threshold: Patty states that “the initial odor
of 200 ppm has an intensity of approximately 3 and an
irritation value of 1. As in most other instances, olfac-
tory fatigue occurs rapidly and the odor is no longer
detected at this concentration.”

2. Eye Irritation Level: The AIHA Hygienic Guide
states that “exposure to vapors at 200 ppm caused eye
irritation in most of the persons tested. Lesions in the
form of fine vacuoles in the cornea of cats exposed to
commercial xyiene vapors have been observed.”

3. Other Information: The Handbook of Industrial
Organic Chemicals states that xylene “‘may be irritating
to eyes, nose and throat as exposure exceeds threshold
limit.” The Hygienic Guide notes that 200 ppm causes
irritation of the nose and throat.

4. Evaluation of Warning Properties: Through its
irritant effects, xylene can be detected within three
times the permissible exposure limit. For the purposes
of this guideline, therefore, xvlene is treated as a materi-
al with good warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples, Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most neariv
represent that inhaled by the employee).

¢ Ceiling Evalvgtion

Measurements to derermine emplovee ceiling exposure
are best taken durning penods of maximum expecied
airborne concentrations of xvlene. Each measurement
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should consist of & ten (10) minute sample or series of
consecutive samples totalling ten (10) minutes in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work

shift and the highest of all measurements taken is an-

estimate of the employee’s exposure.

¢ Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also. detector tubes certified by NIOSH
under 42 CFR Part 84 or other direct-reading devices
calibrated 1o measure xylene may be used. An analytical
method for xylene s in the NIOSH Manual of Anaiyticu!
Methods, 2nd Ed.. Vol 3, 1977, available from the
Government Printing Office, Washington, D.C. 20402
{GPO No.017-023-00261-4).

RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being instalied, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

« In addition 1o respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

¢ Employees should be provided with and required to
use impervious ciothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquid or solid xylene.

¢ Clothing contaminated with xylene should be placed
in closed coniamers for storage until it can be discarded
or until provision 15 made for the removal of xylene
from the clothing. If the clothing s to be laundered or
otherwise cleaned to remove the xylene. the person
performing the operanon should be informed of xy-
lene’s hazardous propertics.

¢ Any clothing which becomes wet with liquid xylene
should be removed immediately and non-impervious

September 1978

clothing which becomes coniaminated with xylene
should be removed promptly and not reworn until the
xylene ts removed from the clothing.

¢ Employees should be providaed with and required to
use splash-proof safety goggles where liguid or solid
xylene may contact the eves.

SANITATION

s Skin that becomes contaminated with xylene should
be promptly washed or showered with soap or mild
detergent and water to remove any xvlene.

¢ Employees who handle liqu:3 or solid xvlene should
wash their hands thoroughly with soap or mild deter-
gent and water before eating. smoking, or using toilet
factilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to xylene mav occur and control meth-

ods which may be effective in each case:

Operation

tse as an intermediate
during manufacture of
plastics, synthetic
fibers, and mixed/pure
isomers

Use as diluent or
solvent in surface
coafings, printing
operations, and
manufacture of rubber;
degreasing agent in
plastics and electronics
manufacture; in organic
synthesis reactions and
manufacture of epoxy
resing

Use in formulation of
insecticides

Use in manufacture of
xylene-tormaldehyde

resins; pharmaceuticals,

vitaming, leather; and
as a sterilizing agent for
cat-gut and in
microscopy

Controis

Process enclosure;
local exhaust
ventilation; general
mechanical ventilation;
parsonal protective
equipment

Process enclosure;
iocal exhaust
ventilation; general
mechanical ventilation;
personal protective
equipment

rrocess enciosure;
iocal exhaust
ventilation; general
mechanical ventilation;
personat protective
ggquipment

“rocess enclosure;
ocal exhaust
vantilation; general
mechanical ventilation;
sersonal protective
sauipment

Xylene 3



Operation Controls

Use during blending ot
motor and aviation fuels

Process enclosure;
tocal exhaust
ventilation; general
mechanical ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If liquid or solid xylene gets into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper lids occasionally. Get medical atten-
tion immediately. Contact lenses should not be womn
when working with this chemical.

¢ Skin Exposure

If liquid or solid xylene gets on the skin, promptly wash
the contaminated skin using soap or mild detergent and
water. If liquid or solid xylene penetrates through the
clothing, remove the clothing immediately and wash
the skin using soap or mild detergent and water. If
irritation is present after washing, get medical attention.
¢ Breathing

If a person breathes in large amounts of xylene, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
so0n as possible.

« Swallowing

When xylene has been swallowed, do not induce vomit-
ing. Get medical attention immediately.

¢ Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casunalty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

s Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

¢ If xylene is spilled or leaked. the following steps
should be taken:

1. Remove all ignition sources.

. Ventilate area of spill or leak.

. For small guantities, absorb on paper towels. Evapo-
rate in a safe place (such as a fume hood). Allow
sufficient time for evaporating vapors to completely
ciear the hood ductwork. Burn the paper in a suitable
location away from combustibie materials. Large quan-
tities can be reclaimed or collected and atomized in a

fald 1D
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suitable combustion chamber. Xylene should not be
aliowed to enter a confined space, such as a sewer,
because of the possibility of an explosion. Sewers de-
signed to preciude the formation of explosive concen-
trations of xylene vapors are permitted.

4. If the solid form, allow to melt and treat as in (3)
above.

¢ Waste disposal method:

Xylene may be disposed of by atomizing in a suitable
combustion chamber.
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RESPIRATORY PROTECTION FOR XYLENE (XYLOL)

Caondition

Minimum Respiratory Protection™
Required Above 100 ppm

Vapor Concentration

1000 ppm or less

A chemical cartridge respirator with a full facepiece and an organic vapor
cartridge(s).

5000 ppm or less

A gas mask with a chin-style or a froni- oi' back-mounted organic vapor canister.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

10,000 ppm or less

A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 10,000 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a fuil facepiece operated in pressure-
demand or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.



